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CAN YOU USE THIS 


IN YOUR LABORATORY? 


¢ Here, for the first time, is a record- 
ing instrument which not only meas- 
ures temperature as precisely as your 
manually-operated Mueller tempera- 
ture bridge, but automatically records 
it on a moving chart. It covers the 
entire platinum resistance thermom- 
eter range from —260 to +500C... 


measures resistance change equivalent 
to 0.01 C. Based on a concept of Dr. 
Daniel R. Stull of Dow Chemical Co., 
this instrument helps a researcher to 
get the most from each working hour 
...i8 valuable in a variety of experi- 
ments involving precise temperature 
studies. 


SPECIFICATIONS FOR 69812 SPEEDOMAX RECORDER 


RANGE: 0 to 100 ohms, absolute, divided 
between slidewire and decades as in 
manual bridge instruments. Slidewire 
span is 0 to 1 ohm, readable to 0.001 ohm; 
extension decades are 9 (1+10) ohms. 
ACCURACY OF ADJUSTMENT: 
+0.01% of reading, or 0.003 ohm, which- 
ever is greater. 

CHART SPEED: 6” per hour, nominal. 
BALANCING TIME: 3 seconds nominal. 
Decade switching time is 3 seconds nom- 
inal per decade step. 

CONSTANT TEMPERATURE CHAM- 
BER: a thermally-insulated, thermostat- 


ically controlled housing, containing prin- 
cipal measuring circuit resistors. 
HUMIDITY COMPENSATION: re- 
corder-pen travel is continuously corrected 
for changes of chart width due to ambient 
humidity fluctuations. 

For further facts, address our nearest 
office or 4992 Stenton Ave., Phila. 44, 
Penna. 


LEEDS NORTHRUP 


automatic controls « furnaces 


instruments 


For Recording: strument in left margin are 
@ heat of combustion a 2. Total of the two figures By 
— 
4 


INDEX TO ADVERTISERS 


PAGE 
Ajax Electrothermic Corp. ..... iii 


Arrow Tool, Die and Machine 


Atlas Photo Engraving Co. ..... xii 
Bell Telephone Laboratories .... 
Biddle Co., James G. ........... 
Buten, M., & Sons 

Damon & Foster 

Eggly-Furlow Engineers xiii 
Fehr & Johnson, Inc. ........... xii 
Fidelity-Philadelphia Trust Co. . viii 
FRANKLIN INstTiTUTE, Awards .. 


Institute, Labora- 
Fourth cover page 


FRANKLIN 
tories 


PAGE 


FRANKLIN INstITUTE, Member- 
Third cover page 


Harris-Dechant Associates 


Herbach & Rademan 


Hess & Barker 
Kearney Lumber Co. ........... xii 
Laticaster Press, 206. x 


Leeds & Northrup Co. 
Second cover page 


Little, Arthur D., Inc. .....:.... iv 
Philco 

Steinberg, Albert, and Company . xi 
Thomas, Arthur H., Co. ........ ix 


Yarnall-Waring x 


Entered as second-class matter March 14, 1928, at the aw office at Lancaster, Pa., under act 


of March 3, 1879. Acceptance for mailing at 


rate of postage provided for in 


paragraph (d-2), section 34.40, P. L. & R. of 1948, authorized on July 3, 1919. 


..... 
| 
| 
i 
i 
3 


JOURNAL OF 


UALITY FIRST 
...a Philco Policy 


FROM THE MOMENT it is conceived to the moment it is 
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the end that, for the price you pay, you may have 
confidence that the Philco name on any product 
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Save critical alloys 


WITH AJAX-NORTHRUP 
INDUCTION 
HEAT 


Ajax-Northrup furnaces are famous 
for their ability to give back what 
you put into them. They melt any 
metal with minimum losses, at high 
speeds, and with extremely ac- 
curate control of analysis and pour- 
ing temperatures. 


For example, a foundry using these 
furnaces to melt stainless steel for 
corrosion and heat resistant cast- 
ings reports the following figures 
on recovery of elements going into 
the make-up of 18-8 type alloys: 
Ni: 100% Cr: 99% Mn: 90% 
Si: 94% Mo: 95% Cb: 92% 


Another Ajax user saves $60,000 a 
year just by reducing chromium 
losses alone. Still another controls 
pouring temperatures within 20 
deg. F., turns out castings so per- 
fect that repair welding has been 
eliminated. 


Ajax-Northrup can save metals and 
money for you, too. Write us today 
for details. 
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Since telephony began, there has been just one way to 
install telephone wires on poles: have a trained man 
climb up and fasten them there. Now Bell Telephone 
Laboratories engineers have developed a special pole 
line for rural areas. The entire line can be erected with- 
out climbing a pole. 

The whole job is done from the ground. Light-weight 
poles are quickly and easily erected. Newly created tools 
enable men to fasten wires to crossarms 10 to 25 feet 
over their heads. 

This inexpensive line promises more service in sparsely 
populated places. From original design to testing, it 
exemplifies a Bell Telephone Laboratories team opera- 
tion in widening telephone service and keeping the 
cost down. 
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Fastening wires with new tool. 


Key to the new “‘climbless’”’ 
pole is this insulator. 
Ground crews use long- 
handled tools to place the 
wire in position and then 
lock it fast. 
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WORLD’S BIGGEST CLEANING JOB * 


BY 
EUGENE J. HOUDRY' 


Ladies and Gentlemen, | am pleased to participate in the lecture- 
demonstration series ‘Science is Fun” and have the opportunity to 
make my first public remarks on the subject of air pollution in my 
own town of Philadelphia. 

We hope to interest you with our demonstration. Personally may 
I express the wish to leave with you a very serious message. 

Air pollution means injury to health and damage to property in every 
populated section of our modern world. In such places, scientists have 
carefully determined that the main components of polluted air are 
carbon monoxide, hydrocarbons and derivatives produced by _ in- 
complete combustion. Beside these, sulfur oxides, calcium, lead, etc., 
are also found—but in very minor quantities. 

The major sources of hydrocarbons and carbon monoxide are: 
automobile exhausts, incinerators, open fires, fuel-oil burners, vapors 
from industry—with the automobile being the largest contributor. 

At least one million eight hundred thousand pounds of hydrocarbons, 
plus ten million pounds of carbon monoxide, are delivered daily by 
automobiles and trucks to the atmosphere of Los Angeles. Many 
days of the year such conditions make living very unpleasant. 

Air pollution affects everybody and, considering the sources, is 
everybody’s responsibility. 

From my experience in dealing with industry, I gather that it will 
continue to do its part. However, this will only alleviate a minor part 
of the danger. It is consequently imperative that the public be fully 
informed so that it can demand other corrective measures. 


* Adapted from the ‘Science Is Fun" lecture, sponsored by the Membership Department 
of The Franklin Institute, Wednesday, May 12, 1954, and delivered in the Lecture Hall of 
the Institute. 

! President, Oxy-Catalyst, Inc., Wayne, Pa. 


(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
the JourNnat.) 
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Over fifty years ago high incidence of skin cancer was found among 
London’s chimney sweeps. In 1912, Doctors W. C. White and C. H. 
Marcy, in a study made in Pittsburgh, discovered that in certain areas 
where there was more soot, the death rate by pneumonia was corre- 
spondingly higher. More recently, Dr. Clarence A. Mills after ex- 
tensive research in Cincinnati, Chicago and Detroit, revealed that death 
rates from pneumonia, tuberculosis and cancer of the lungs were higher 
where pollution was greater. 

It would take too much time here to discuss all the aspects of this 
complicated problem, and so I will confine myself briefly to the danger 
of the automobile exhaust, which is the major offender. 

This danger was recognized as early as August 4, 1923, when, in the 
American Medical Association Journal two scientists of vision— 
Doctors Henderson and Haggard, of Yale—said : 

The exhaust gas of automobiles is extremely poisonous. Positive 
protection for the public and removal of danger for the careless individual 
are needed. In fuel there is often a high content of benzene and related 
substances. The vapor of benzene is now recognized as one of the most 
harmful. Its effects are cumulative and progressive, resulting in anemia, 
nervous disorders, and probably tuberculosis. 

Then, in December 1953, Dr. Paul Kotin, working at U.C.L.A. 
under a grant of the United States Government, made the startling 
announcement that extracts from the Los Angeles air caused cancer. 
The results obtained on animals, using extracts from the air, were 
almost identical to the results obtained when using extracts taken directly 
from automobile exhaust gas. 1 met Dr. Kotin in 1952—exactly a 
year before—and he told me of his experimentation, and it is my 
humble opinion that his findings deserve the most careful attention of 
our country’s highest authorities—because long before Dr. Kotin’s 
statement, chemists had published the following facts which sub- 
stantiate his findings. 

Dr. Fieser, now of Harvard, since the twenties, has synthesized or 
purified, usually by crystallization, a long list of organic compounds 
that he proved to be carcinogenic—that is, capable of inducing cancer 
in living cells. Some of those organic compounds are products of in- 
complete combustion and are found in coal fires, automobile exhausts, 
oil burners, etc. 

Members of the Institute will certainly remember Dr. Stanley, of 
world fame, and a medalist of the Institute, when he told us of his 
discovery that the influenza virus is not a living organism, but a crystal. 
Many of the carcinogenic compounds synthesized by Dr. Fieser and 
others, are crystals, and may well be cancer virus. We breathe them 
in the air—and we swallow them. Moreover, they invade the shops 
in our streets, settle on our food, from which they are difficult to remove 
because they are not water soluble. 


24 

¥ 


Sept., 1954. | Wor.p's BicGest CLEANING Jos 177 


More simply, we all know that our buildings are blackened, our 
clothes soiled, vegetation ruined—and to me, as an engineer, it does 
‘not stand to reason to expect delicate human tissues to be more resistant 
than stone. And, as an engineer, I am confident that we can get rid 
of this menace if we want to. It may seem impossible; however, by 
applying catalysts to the sources of the smoke and carbon monoxide, 
it becomes rather a simple matter. 

Catalysts transform very easily, at low temperatures, hydrocarbons 
and carbon monoxide into water and carbon dioxide, which is the 
composition of sparkling water. This could also be done without 
catalyst—by heating the fumes to white heat—but this is obviously 
impractical. 

While I do not believe that people should consider catalysis a 
mystery, I have found it impossible to define what a catalyst is in 
layman’s terms. I can say that catalysis is a phenomenon of chemistry 
—in fact, catalysis is a chemistry of intermediate compounds. Con- 
sequently, catalysts are chemicals. I will say further that catalysts 
enter the chemical reaction, are the main factor in the reaction, and 
possess the ability to revert to original state after the reaction is ac- 
complished. 

Starting in France in 1923, and with the help since 1930 of a brilliant 
staff of chemists and engineers in the United States at the Houdry 
Process Corporation, Sun Oil Company, and Oxy-Catalyst, Inc., we 
have made together thousands of different types of catalysts, and tried 
them in hundreds of thousands of experiments. Only a handful of 
those catalysts have reached industrial stage, in catalytic cracking, 
synthetic rubber, catalytic reforming, and oxidation of waste gases. 

The performance is best shown through actual demonstration, and 
I would like now to turn you over to J. W. Harrison, who is Director 
of Research at Oxy-Catalyst. Mr. Harrison was the first chemical 
engineer assigned to work with me when I arrived in this country at the 
end of 1930—and he has played an important and devoted part in all 
our development work and laboratory studies. 


DEMONSTRATION OF CATALYSTS AND DEVELOPMENTS FOR AIR POLLUTION CONTROL ** 


Demonstrations 


Oxycat 


The Oxycat (Fig. 1) is our first commercial oxidation catalyst to be 
developed. It is made up of two porcelain end plates which hold in 
place 71 porcelain rods. These rods are coated with a catalyst composed 


** This section of the lecture-demonstration Was in charge of Mr. Harrison, who demon- 
strated and explained the different types of oxidation catalysts and catalytic devices developed 
by Mr. Houdry and his engineers for the purpose of cleaning the air in our factories, industrial 
areas, streets and homes. The demonstrations herein described were performed in the Lecture 
Hall. 
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of platinum and aluminum. The Oxycat—5} in. long, 3 in. wide and 
3 in. high—is very sturdy and compact in its construction. The 
porcelain used is a spark plug type, highly resistant to both thermal 
shock and mechanical stress. Catalytic reaction occurs when the 
combustible gases come in contact with the surface of the catalyst. 
The rods are tear-drop in design to obtain a maximum catalyst surface 
and to minimize the resistance to the air flow directed through the 
Oxycat, with the rounded end of the tear-drop design facing the flow. 
To demonstrate the principle of catalytic reaction, a mixture of 


Fic. 1. The Oxycat. 


city gas and air was passed through two Oxycats installed in series. 
Using a Bunsen burner, the catalyst was preheated to a temperature 
of 500° F., which is the temperature at which the reaction starts. The 
flame was put out and the gas was allowed to pass through the unit and 
the catalytic reaction started. Soon thereafter the catalyst was glowing 
to red heat due to the exothermic reaction which takes place when 
combustible gases come into contact with the catalyst. The combustion 
of the gas to carbon dioxide and water vapor was complete as the gases 
out of the catalyst could not be ignited nor would they support com- 
bustion. 
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OCM Muffler 


The first use of the Oxycat was in conjunction with gasoline engines 
for the elimination of carbon monoxide and hydrocarbons. Using a 
cut-away model of an OCM Muffler (Fig. 2), Mr. Harrison explained 
the construction and the operation of the apparatus. This device 
consists of multiple Oxycat units enclosed in individual metal boxes 
which are bolted together. The number of units used is dependent on 
the size of the engine. At the inlet of the catalytic sections, a Venturi 
admits into the system the amount of fresh air necessary to complete 


Fic. 2. OCM muffler, cutaway model. 


the combustion of the gases to CO, and H,O. This is necessary 
because the exhaust gases as they come out of the engine do not contain 
sufficient oxygen to complete the combustion. 

The main use for this apparatus is for industrial gas trucks used 
inside of plants and warehouses. There are several thousand such 
units in operation throughout industrial plants in the United States. . 
A Baker-Raulang gas lift truck (Fig. 3) was driven into the hall to 
demonstrate the effectiveness of the apparatus. With the engine 
running, the exhaust was free of carbon monoxide and obnoxious 


odors. 
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This invention is permitting the use of gasoline-powered machirtes in 
enclosed and poorly ventilated areas, such as cold-storage rooms, ware- 
houses, shops, etc., and has made the use of;such machines safer for 
inside use. 


Leaded Muffler 


This apparatus works on the same principle as the OCM Muffler for 
industrial trucks. It has been designed, however, for automobiles. 


Fic. 3. Baker-Raulang truck equipped with OCM muffler. 


Its size is approximately the same as a standard muffler and it can be 
installed just as easily. It operates on all types of fuel, whereas the 
OCM Muffler functions only on unleaded gasoline which is a gasoline 
that does not contain tetra-ethyl lead. This new development, which 
is not in production as yet, will eliminate over 80 per cent of the hydro- 
carbons and 90 per cent of the carbon monoxide emanating from the 
exhaust. It has been subjected to exhaustive tests, including an 
extensive road test, under all operating conditions. This development 
will be made available to the public at a reasonable price when produced 
in large quantities. 
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“‘Dieseler"’ 


The next apparatus to be shown was a new catalytic exhaust devel- 
oped for diesel equipment. It is similar in construction to the OCM 
Muffler for gasoline engines. The main difference is that a Venturi is 
not required since the exhaust gases contain a sufficient amount of 
oxygen to complete the combustion of the hydrocarbons and carbon 
monoxide. This commercial apparatus is only available for 4-cycle 
engines at this time. It reduces 80 per cent of the obnoxious fumes and 
odors when an engine is operating at 60 per cent load. The main use 
at present is in conjunction with mining and construction equipment 
where fumes and odors are a major problem. 


Fic. 4. Industrial installation of Oxycat. 


Development work is continuing on this apparatus to extend its use 
to 2-cycle diesel engines and to make it practical for buses and other 
highway vehicles. 


Industrial Applications 


The Oxycat can also be applied to eliminate fumes and objectionable 
odors from industrial processes. Oxycats can be stacked side by side, 
one on top of another, in any quantity, depending on the size of the 
installation (Fig. 4). Installations are usually made in the exhaust 
stack of the industrial process. The Oxycat can be effectively applied 
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to all processes emitting hydrocarbon or other combustible fumes to 
the atmosphere. Some current applications are: 

(a) Petroleum industry—for asphalt processing and oil refining ; 


(b) Incinerators; 
(c) Food processing, such as fish drying, meat rendering, and 


coffee roasting ; and 
(d) Industrial drying ovens and furnaces. A typical installation 


would be for a paint drying oven (Fig. 5). 
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Fic. 5. Typical Oxycat installation in paint-drying oven. 


The solvents driven off in drying are normally exhausted to the 
atmosphere, often the cause of an air pollution problem for the sur- 
rounding community. By installing the Oxycat in the exhaust system, 
the solvent vapors are readily oxidized to COz and H.O which, of course, 


are odorless and safe. The heat given off by the reaction can often 
be used by different methods: 

(1) It can be directed back into the oven proper, thus considerably 
reducing or, in some instances, completely eliminating the 
need for an outside source of fuel for heating the oven; 

(2) The heat can be used for other processes in the plant; or 

(3) By installing steam coils after the catalyst, usable steam can 


be made. 
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Industrial installations often pay for themselves through heat recovery. 
For fuel economy, some industrialists even install Oxycats when there 
is no pollution problem. 


Applications for the Home 


For home use another type of catalyst has been developed which 
consists of resistance wire coated with a platinum catalyst similar to the 
coating of the Oxycat. This catalyst has the ability to function at 
low temperatures. It eliminates cigarette smoke, undesirable odors 


Fic. 6. Cigarette smoke being blown through a room air purifier. 


from cooking, hospitals, etc. It is also effective for the elimination of 
pollen and bacteria. 

The effectiveness of this catalyst was demonstrated using an ex- 
perimental apparatus very similar in appearance and construction to a 
commercial electric heater and ventilator. Cigarette smoke passing 
through the apparatus (Fig. 6) is completely eliminated. The same 
experiment was run using small circular wire coils coated with this 
catalyst and installed in a small chimney approximately 8 in. high 
and 2 in. in diameter. Again it was shown that cigarette smoke was 


completely removed. 
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This catalyst has been thoroughly tested and is ready for commerci- 
alization. Several commercial applications are being developed at 


this time. 


Gas- Fired House Incinerator 


The Oxycat has also been applied to the much publicized house 
incinerator. This new gas appliance is rapidly becoming one of the 
major gas appliances. The market has been restricted in certain areas 
due to smoke and odors emitted from this device. This problem has 


Fic. 7. House incinerator. 


been resolved by installing Oxycats in a secondary chamber at the 
exhaust part of the incinerator. A small gas burner provides the 
necessary heat for the catalyst. 

A commercial incinerator, installed in the Lecture Hall, was actually 
operated all during the demonstration (Fig. 7). The exhaust, which 
was directed into a hood to keep the products of combustion from the 
room, was completely free of smoke. When the door to the combustion 
chamber of the incinerator was opened, a large volume of smoke billowed 
out. 

This concluded the demonstration. 
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CLOSING REMARKS BY MR. HOUDRY 


You have seen different types of catalysts which have proven them- 
selves capable of cleaning fouled air. 

Last week the Air Pollution Control Association held its 47th 
Annual Convention, at which Gordon P. Larson, Director of the Los 
Angeles County Air Pollution Control District, was elected President. 
I have had the pleasure of working with Mr. Larson and his technicians 
for several years. 

To control air pollution, Los Angeles has a budget more than twenty 
times larger than that of Philadelphia—although both cities are of 
same size in population. The effort of the Larson group has been 
considerable, and is leading toward success. Thanks to it we have 
known what to do and where to strike to win this fight. As far as we 
are concerned, it has been an inspiration in our work. 

They were the first to be interested in a solution for the automobile 
exhaust—because they were the first to determine as accurately as 
can be done, the national importance of this danger. 

They were also the first to search for solutions. At their request 
we sent the apparatus which you see now to Los Angeles—with our 
engineers and mechanics—where we did four full months of testing. 

On April 15 of this year, Mr. Larson announced officially that the 
tests showed that our apparatus eliminated more than 80 per cent 
of the hydrocarbons atomized to the atmosphere by automobile 
engines. 

We hope we have succeeded in interesting you with our explanation 
and demonstration of our work in the fight against air pollution, but 
if we have only made you more aware of the grave import of this 
problem, our time has not been wasted. 

It has been a great pleasure to be here, and my thanks again 
to the Institute—and to you, Ladies and Gentlemen. 


186 


Semi-Automatic Self-Loading 
Shotgun.—The first semi-automatic 
shotgun that will stay on target shot 
after shot as fast as the trigger is 
pulled was unveiled recently by Win- 
chester after 16 years of research. The 
new Model 50 is the world’s first self- 
loading shotgun with a non-recoiling 
barrel and an independent chamber. 
The unique chamber moves less than 
one-tenth of an inch! This tiny move- 
ment not only actuates the breech bolt 
but also starts the entire cycle of un- 
locking, extraction, reloading and lock- 


ing 


“he recoil effect of the Model 50 is 
20 to 30 per cent “softer” than other 
semi-automatics, said J. T. Boone, 
sales manager of the Arms and Am- 
munition Division of Olin Industries, 
Inc., makers of Winchester and West- 
ern sporting arms and ammunition. 
Another result of the new design is 
that the aim-disrupting clatter and 
“double-shuffle’ common to all self- 


loading shotguns have been entirely 
eliminated. 

Oscillograph patterns show that the 
energy expended in recoil by the Model 
50 travels to the shoulders from the 
chamber in a gradual pushing, rather 
than a punching action, Mr. Boone 


said. Thus the gun greatly decreases 
whatever tendency the shooter has to 
flinch. The combination of “‘soft’’ re- 
coil and fixed barrel contributes to 
faster pointing and closer holding. 

Although the Model 50 shoots as 
fast as the trigger can be pulled, the 
trigger design makes it impossible for 
the gun to go fully automatic. 

The new gun may be taken apart 
and assembled without tools of any 


CURRENT 
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kind. Even new barrels may be fitted 
by the owner; there is no need to re- 
turn the gun to the factory for special 
machining, 

All low and high base shotgun loads 
of the proper length and gauge may be 
fired without making any adjustments 
in the gun. 

The barrel and receiver of the Model 
50 are made of heat-treated chrome 
molybdenum Winchester-proof steel. 
Other critical parts, including the in- 
dependent chamber, are of high alloy- 
heat-treated chrome vanadium. steel. 
The hand-checkered pistol-grip stock 
and forearm are of American walnut 
finished in natural tones. 

The Model 50 is available in field, 
trap or skeet grades with plain or ven- 
tilated rib barrels. The ventilated rib, 
which provides an unbroken sighting 
plane, is an unusual feature on a self- 
loading shotgun. 


Electronic Aids for Fishing.— 
Fishing has indeed become a science 
with several New England fishermen 
who have equipped their vessels with 
Raytheon’s “Fathometer”—an echo 
depth sounder, Use of this instrument 
enables the fisherman to locate the 
heaviest concentrations of fish. Two 
types of echo depth sounders are in 
use—sometimes on the same vessel. 
Both types send out sound signals 
through a transducer located beneath 
the vessel, and receive the returning 
echoes. A “recorder” reveals fish 
schools and bottom information on 
graph paper which can be stored for 
future; while an “indicator” provides 
the same information by means of a 
flashing light on a calibrated dial. 
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VERY LOW FREQUENCY NOISE POWER FROM THE 
LIGHTNING DISCHARGE * 


BY 
JOHN S. BARLOW,' GEORGE W. FREY, JR.,? AND JOHN B. NEWMAN? 


SUMMARY 


Following a summary of present knowledge of the lightning-discharge mechanism, 
the expression of Bruce and Golde for the destruction of the cloud-image dipole by the 
discharge has been derived phenomenologically. The radiation power spectrum 
of a lightning discharge has been calculated for two cases, considering the radiation 
to arise from (a) the destruction of the cloud-image dipole and (6) the channel as a 
linear antenna. 

The power spectrum of the waveform of a distant daytime atmospheric (day- 
time ‘‘tweek”’) characterized by a decrease in both amplitude and instantaneous 
frequency with time, has been obtained, assuming exponential decay of a sinusoidal 
waveform whose frequency is that of the power-weighted mean frequency. ‘This 
waveform power spectrum, the transformed results of the (6) analysis above (using 
available experimentally determined propagation data for very low frequencies), 
and one of Bowe’s spectra of distant daytime atmospherics have been compared. 
There is reasonable agreement of the transformed discharge spectrum with the 
observed “‘tweek”’ spectra, despite the approximations of the calculations, the varia- 
tions among individual discharges, and the interpolation and extrapolation of the 
propagation data. These results indicate a peak in the power spectra of distant 
daytime atmospherics at about 10 ke., in agreement with other ‘‘tweek”’ workers. 

While the Bruce and Golde expression seems adequate for radiation analysis, a 
question has been raised concerning its use, except in special cases, for the near field 
analysis. 

I. INTRODUCTION 


A number of observers (1—16)* have studied the characteristics of 
the radiation field of lightning strokes. The complexities of the stroke 
phenomena and of ionospheric reflection are so great that an exact 
analysis has not yet been made. ‘There are so few quantitative data 
available that it is not known, in most cases, how the waveform of the 
distantly propagated atmospheric results from the combined char- 
acteristics of the lightning stroke and the propagation medium. 

The waveforms of atmospherics observed with wide band receivers 
have been termed ‘“‘tweeks,’’ because of components which are present 
in the audio frequency range. The observed waveforms are of many 
different kinds (11-13, 15); there may be a series of recurrent pips, 


* This work was partially completed in the Programs Research Unit, operating under 
Contract N6-onr-24311 of the Office of Naval Research. 
1 Department of Neurology, Massachusetts General Hospital, Boston, Mass. 
2 Research Staff Assistant and Research Associate, respectively, Institute for Cooperative 
Research, Johns Hopkins University, Baltimore, Md. 
3 The boldface numbers in parentheses refer to the references appended to this paper. 
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corresponding to successively larger numbers of reflections from the 
ionosphere of a short pulse, a single pulse similar to the above but 
without following reflections (night-time ‘‘tweeks’’), a decaying quasi- 
sinusoidal wave with increasing period, or, finally, a decaying very 
irregular wave (daytime ‘‘tweeks’’). The origins of some of these 
waveforms are considered in more detail below. 

The frequency analysis of lightning radiation is important for very 
low frequency communications because the peak of atmospheric noise 
power has often been stated (2, 6) to lie at about 10 kc. In this paper, 
the power spectra of a nearby cloud-to-ground flash and of a distant 
daytime atmospheric are computed. While for the nearby flash, it is 
necessary to include some assumption regarding the mode of the 
radiation along with observational stroke data, the power spectrum of 
the distant atmospheric is computed from its observed waveform only. 
The spectra are then compared using the available data on the attenua- 
tion of the propagation medium (9, 13, 16). 


Il. THE POWER SPECTRUM OF THE LIGHTNING DISCHARGE 


While the basic mechanism of the lightning discharge can be ex- 
plained, knowledge of the charge and current densities involved is 
still inadequate for a complete calculation of the radiated energy. 
From a summary of the knowledge of the discharge mechanism, two 
models for the radiating system are assumed and their power spectra 
calculated and compared. 


A. The Stroke Mechanism 


A complete cloud-to-ground discharge through previously un-ionized 
air usually consists‘ of the following: (1) a pilot streamer, which is a 
negative discharge, propagated from cloud to ground with a relatively 
low velocity (107 cm./sec.) and whose presence is inferred since it has 
never been directly observed, (2) a stepped streamer, also negative, 
propagated from cloud to ground, but with a discontinuous velocity 
(10° cm./sec.) so that it overtakes but never exceeds the pilot leader, 
and (3) a positive return streamer, propagated from ground to cloud 
with a velocity of about one third that of light. The current in the 
return streamer has been measured in several ways (5), and it is known 
to have been as high as 218 kiloamperes (18). The stepped and return 
streamers have been observed in lightning throughout the world 
(S, 6, 17). The pilot streamer of the lightning discharge has never 
been photographed (19) although in the laboratory study of the long 
spark, photographic records show it preceding the stepped streamers 
(17, 20). 


4 There is considerable evidence (5, 17) to indicate that the majority of cloud-to-earth 
discharges originate from negative charge centers in the cloud. Only about 65 per cent of 
this majority are of the type discussed above. See Loeb (17) for discussion of the second type. 
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Repeated flashes occur along the ionized channel of the initial flash 
at intervals of about ten milliseconds or longer. An initial discharge 
is followed on the average by three successive discharges, although as 
many as forty have been observed in a single channel. In the repeated 
discharge a single streamer, the dart streamer, propagated with a high 
velocity (varying from about one three-hundredth to one-tenth that of 
light) replaces the pilot and stepped streamer of the initial discharge. 
Malan and Schonland (21) have shown that successively higher charge 
sources in the cloud are tapped by repeated flashes, and from their data, 
it seems reasonable that the repeated flash will carry successively 
smaller return current, although still within an order of magnitude of 
that in the initial return streamer. 

During the last thirty-five years the continuing investigation of the 
lightning discharge and the laboratory study of the long spark at at- 
mospheric pressure have led Schonland, Raether, Loeb and Meek to 
propose and develop the streamer-avalanche mechanism (17, 22, 23). 
For the negative discharge the mechanism consists of two negative 
initiating streamers, a pilot and a stepped streamer, followed by a high 
current, high velocity positive return streamer. The radii of the pilot 
and stepped streamers (about one-half meter and about one centimeter 
respectively), the minimum pilot current (0.1 amp.), the range of the 
stepped streamer current (50-500 amp.), the stepping regularity (from 
time of ion recombination), and the correct magnitudes for the streamer 
velocities may all be calculated from the streamer avalanche mechanism 
(17, 20, 23). The calculations agree rather well with the lightning and 
long spark data (17). A comparison of velocities, current densities, 
channel-field strengths and ratio of length to radius for lightning and 
the long spark leads to the conclusion that both are produced by the 
same mechanism (19). For this reason the pilot streamer in lightning 
is inferred (17, 19). However the repeated failure to observe the pilot 
streamer and any electrostatic field changes just previous to the main 
stroke (return streamer) has led Schonland (19) to propose a new 
explanation of the step process of the lightning discharge. In this 
proposal, ‘‘the broad pilot streamer,’’ the pilot and the step streamers 
have the same diameter (2.5 meters) and carry the same current 
(modal value, 320 amp.). Moreover, Schonland suggests a transition 
in the discharge from the narrow avalanche (streamer-avalanche) to 
the broad pilot as the potential difference increased from 1 million volts 
to 3 million volts across the discharge gap. This transition is supported 
by the experiments of Hagenguth et a/. (24) and Akopyan and Larionov 
(25). Most long spark experiments to date have been at potential 
differences below 1 million volts; on the other hand, lightning dis- 
charges occur at potential differences considerably in excess of 3 million 
volts (5). While the streamer-avalanche mechanism seems firmly 
established (17) for both positive and negative discharges, there is some 
evidence (26) that raises questions about the positive discharge. 
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The current waveforms in return streamers are obtained from 
oscillographic records of the current resulting from a direct stroke of 
lightning to steel balloon cables, overhead transmission lines and steel 
towers. These waveforms are certainly influenced by the response 
characteristics of the struck systems. This question has been con- 
sidered (27, 28) but not sufficiently to be included in a summary (5) 
of the data on the lightning discharge. This summary indicates that 
the waveforms are all similar in nature, yet it is remarked that the 
data are incomplete and often ambiguous. 

For purposes of this analysis, the return stroke current waveform 
is approximated by the waveform of the current surge in an overhead 


(a) Current in Typical Return Stroke, Thomas - Burgess 


(b) 1220 -@-4.6210%) Bruce -Golde 
(c) 12 30(0. 7-4-4210 - @- 4.6210 6 


Time in Microseconds 


8 


Current (Kiloamperes) 


Microseconds 


iL 
1000 2000 3000 


Microseconds 
Fic. 1. Current in overhead line struck by lightning. 


transmission line resulting from a direct strike. This waveform was 
taken from Bruce and Golde (5). Approximate expressions for the 
return current waveform may be written 


1 = t)(ae-** — be-**), (1) 


However, Fig. 1 shows this is sufficient only for the early behavior of 
the current. Three exponentials give a better fit over the complete 
duration of the current. Equation 2 gives the expression which will be 
used to approximate the transmission line current waveform here. 
Both expressions are plotted with the actual waveform in Fig. 1. 


4 = to(ae*' — be-*' + ce-**), (2) 


; 

(c) 

(a) 
(b) 
(c) 
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where a = 0.7, b = 1, c = 0.3, a = 4.4 X 10° usec, B = 4.6 K 107! 
usec!, 6 = 1.01 10-* and = 30 kiloamperes; the constants 
a, b, c, 6, io have been obtained by fitting Eq. 2 to Fig. 1(@); a and B 
represent average discharge behavior (5). An expression such as 
Eq. 2 is necessary to include in the analysis the contribution of the 
long, slowly decaying tail of the current waveform. From inspections 
of the half periods of the oscillatory components of the current wave- 
form, Fig. 1, important contributions to the power spectrum might be 
expected in the approximate range 25 kc. to 40 kc., above the range of 
principal interest here. z 

Observations of the velocity of the return streamer show that it has 
a time dependence of the form (5, 6) 


= (3) 


where vp = 8 X 10° cm./sec. and y = 3 X 10>? wsec~ as “average”’ 
parameters (5). The initial velocity and its decay in time are both 
consistent with the streamer-avalanche mechanism (22, 29). The 
average data for vo and y are out-dated since Eq. 3 with these values 
only allows a maximum height of 2.7 km. for the return streamer. 
This is much lower than the currently reported modal value of 5 km. 
(19, 21) for the first discharge channel and similarly these data cannot 
accommodate repeated discharge data (21). However, no recent 
modal value for y is known. 

The theory of the streamer-avalanche mechanism includes a calcula- 
tion of minimum currents required to sustain the pilot and stepped 
streamer processes (22, 23). Presumably maximum currents vary with 
the initial conditions in the individual case. The heavy return streamer 
is complicated by a number of factors which make a quantitative 
evaluation of its current very difficult. There are inadequate data on 
the distribution of the cloud charge by pilot and stepped streamers. 
Branching and fine structure (6, 30) of the lightning discharge indicate 
the wide variations with individual strokes and difficulty of handling 
analytically any but an ideal case. Some data (19, 31) are available 
on the diameter of the return streamer; it is known to be smaller than 
that of broad pilot channel due to magnetic constriction (19, 32) of the 
current. Certainly the current waveform results from a voltage pulse 
propagated like a travelling wave up the channel (33), neutralizing the 
charge left in the channel by the initiating processes and the remaining 
charge in the cloud. There are data to indicate the former to be about 
60 per cent of the total (19). lon-electron interactions in the channel 
(34, 35), percentage overvoltage (36) in the cloud-to-ground gap, and 
variation in earth resistivity (37) are additional complicating factors. 
No effort is made here to calculate the return current or even to ap- 
proximate it, and only parts of the above summary are pertinent to 
support the assumptions made concerning the modes of radiation. 
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The above data serve as a basis for the analysis of the radiation 
from a nearby flash; whatever justification this procedure has must 
come from a comparison of the results obtained here, including propaga- 
tion effects, with the observed radiation. 

While the cloud-to-cloud discharge may provide more atmospheric 
noise power because of its greater frequency of occurrence, its analysis 
is beyond the scope of this paper. In the cloud-to-cloud discharge, the 
stepped leader is the dominant power stroke since the high cloud 
resistance prohibits a return stroke. M. M. Newman, using a circuit 
analog of the stepped leader, found a peak power at 12.5 kc. for a cloud- 
to-cloud discharge (38). 


B. Radiation from the Destruction of the Cloud-Image Dipole 


The first analysis of the radiation from the return stroke is based on 
an expression for the change of an electrical dipole moment, M, of the 
cloud charge and its image in the earth. This change results from a 
current 7, in the return stroke whose tip advances with a velocity 1, 
where the current below the tip is assumed uniform at any instant. 
Bruce and Golde (5) state that the change of the moment is given by 


0 


dM = 2idt f ‘dt (4) 


since they were able to calculate from it the ‘‘near’’ magnetic field 
changes which agree well with Norinder’s measurements (39). 

The derivation of Eq. 4 is not clear since the change of a dipole 
moment resulting from the cloud charge and its image would involve 
two terms, one proportional to the change of the charge magnitude and 
the other to the change in separation of the charge and its image. The 
assumption that the return stroke provides an ‘effective neutralization 
charge per unit channel length” permits a straightforward derivation 
of the change of the moment, perhaps different from that used by Bruce 
and Golde. Let such a “‘neutralization charge’’ be given by 


TNeutralization = 
eu ation Vo 


The cloud-image moment m(t) is then: 
a(t) 
m(t) =m — 2 f Neutralization 2 dz (5) 


where my is the dipole moment at the instant the return stroke is 


initiated, z = [eae and dz =v dt. It should be clear that this 


0 
“neutralization charge”’ is a hypothetical quantity chosen for calculation 
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purposes, for it is known that the electron and ion velocities in the 
channel are very much less than v, (22, 29). 

The electric field of a dipole of moment m at a distance r in an 
equatorial plane is 


dt or de 6) 


o = 


where c is the velocity of light. The third term, proportional to 1/r 
gives the radiation component of & The radiated power spectrum of 


(a) Radiation from Cloud and Image as a Dipole 
(b) Radiation from Channel Current as a Linear Antenna 


(b) 


Power in Arbitrary Units 


= 


1 
10 
Frequency in Kilocycles 


Fic. 2. Radiated power as a function of frequency from a lightning 
discharge neglecting propagation effects. 


a flash, assumed to result from the destruction of the cloud-image dipole, 
is proportional to the product of the complex Fourier transform of 
d’¢m/dt? and its conjugate. Thomas and Burgess (6) used this fact, 
Eq. 4 and a two-exponential approximation of the current waveform 
(Eq. 1) to calculate the atmospheric noise power in the frequency 
region of 1-30 megacycles per second for this type of discharge. The 
same procedure is followed here with Eqs. 2 and 5, assuming also that 
the current has no spatial dependence. 
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It is readily shown that Eq. 5 leads to Eq. 4 except for a difference 
in sign which accounts for the destruction of the moment. Then 
d’m/dt* from either equation results in the same radiated power spec- 
trum. The growth in length of the return stroke and the time depend- 
ence of the current are accounted for in this result. The power spectrum 


is proportional to 
(a + y)(a + — jw) 
B+ (B+ 7)? +o 
6(6 — jw) (6+ 7)(6+ — jw) 
(6+ 7)? +o 


A plot of Eq. 7 is given in Fig. 2(a). The crude derivation given 
above supports the hypothesis of Bruce and Golde concerning Eq. 4, 
although further criticism seems justified. 


C. Radiation from the Channel Considered as a Vertical Linear Antenna 


The second analysis of the flash power spectrum is made by con- 
sidering the channel as a linear antenna carrying a known current 
transient. The radiation field of an element of such an antenna is 


known to be described by (40) 


l/2 
& = x, = f dé (8) 
€ 4n 


in which r, 3, @ are the usual spherical polar coordinates, &, is the 
electric component and %, the magnetic component of the radiated 
energy, w and ¢ are the permeability and permittivity of free space, 
k is the propagation constant w/c and u(£) expresses the dependence of 
a time periodic component on &, the distance along the linear antenna 
measured from its midpoint and / is the length of the whole antenna, 
in this case the channel in which the return current flows. Equation 8 
gives the radiated field component of a particular frequency. Two 
additional considerations are necessary: first, the current is a transient 
and therefore its frequency spectrum is a continuous function of 


frequency given by 


( a(a — jw) _ — ju) , — jw) 
° a? + + w? 8? + w? 


G(w) = iy (ae-* be-#t ce~**)e-i+t dt 


: 
7 
(9) 
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Hence the current at a particular frequency would be given by 
ta(t) = (10) 


The function u(£) contains the amplitude function, continuous in 
frequency, and a phase term which accounts for the delay in the radia- 
tion from the higher current elements consistent with the propagation 
of the stroke up the channel. It is given by 


= |G(w) (11) 


where 7, the time at which the tip passes a height & is obtained by 
integrating dz = vdt from zero to the time, 7. Integration of Eq. 2 
then yields, on solving for r+ 


in| 3 (1 -4 (12) 


the symbols having the same meaning as before. 

Equation 8 may be further simplified by the standard treatment 
for the linear antenna (40). The radiation is examined at a field point 
at a distance R from the midpoint of the channel which is large com- 
pared to /, the channel length. The rays from the different current 
elements arrive very nearly parallel, but with different phases. These 
phase differences are due to the finite time required for the current to 
reach the upper elements and the differences in path length for rays 
originating in different heights of the channel. In the 1/r term 7 may 
be simply replaced by R; in the exponential factor in the integrand, 
however, r is replaced by r = R — ~cosv’. The integral is then: 


& = |G (w) sin 
e 


l/2 ~jwly 


which is readily integrable for the equatorial plane, 3 = 7/2. 
The power spectrum is then given by: 


The result is plotted in Fig. 2(d). 

The spectrum from the first analysis is flat on the low frequency 
end and drops 10 db. at 55 kes. For the second analysis there is a 
distinct peak at 4.5 kc., 3 db. above the low frequency end, and down 
10 db. at 32 kc. Strong attenuation due to propagation at around 
1-5 kc. obscures the differences between the two spectra at the lower 
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frequency end. A correction for the initial oscillatory component of 
the current waveform (Fig. 1(a@)) would be expected to result in a less 
rapid decrease in the power spectrum in the frequency range of ap- 
proximately 25-40 kc. for both analyses. 


Ill. ANALYSIS OF A DAYTIME “TWEEK” 


The “received’’ waveform, the typical distant daytime ‘‘tweek”’ 
as observed by Kessler and Goyder (12) using a wideband receiver 
(0-200 ke.), is now considered. The particular waveform, shown in 
Fig. 3, chosen for its regularity to facilitate analysis, is characterized by 
an exponential decay of amplitude and an increase in period with time. 
It may thus be described approximately by 


4 = ( —At 
sin ( T, Te | (14) 


(a) Tweek 
(b) The Curve E=27 
t in microseconds 
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Fic. 3. Typical observed distant daytime tweek after Kessler and Goyder 
(radiation from distant lightning discharge). 


where Eo, A, C, To, 7; are constants. 
To simplify the calculation, variation of the nominal period with 
time is neglected ; instead, 


E, = sin (2nt/T,,) = Eve-4' sin (Bt) (15) 


is used for analysis, where B = 27/T,, and T,, is the power-weighted 
mean period 
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for the fourteen half periods of Fig. 3. 7; is the half-period correspond- 


ing to Ey. 
The frequency spectrum is then 


F(w) = f di 


«it f gin dt 
0 


~ At + Bt — w? + 2jwA 
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(a) Power Spectrum Resulting from Using an Exponentially 
Damped Sinusoid to Approximate Fig. 3 

(b) Power Spectrum of a Typical Distant Daytime 
Atmospheric (Bowe) 

(c) Power Spectrum Fig. 2b, Transformed Using Experimentally 
Determined Propagation Data 
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Fic. 4. Power spectra of radiation from lightning discharges. 


and the power spectrum is 

EB? ‘ 
[(A + jw)? + B)[(A — jw)? + By 

For the waveform of Fig. 3, A = 1.46 & 10* sec.-', B = 24/171 (micro- 

seconds)~! = 36,750 radians/sec. The value of 7, in B (171 sec) 


corresponds to a quasi-frequency of 5850 cycles. Equation 19 is 
plotted in Fig. 4(a). 


| F(w) |? (19) 
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It is seen from Fig. 4(a) that the power spectrum is flat in the fre- 
quency range 100-300 cycles per second; there is a peak (+20 db.) at 
the quasi-frequency (5850 cycles), followed by a very rapid drop with 
further increase of frequency. It is apparent that a correction for the 
variation of the nominal periods of the tweek with time would result in 
a broadening of the peak of the power spectrum. The calculated result 
agrees rather well with the results of Bowe (13), whose spectrum of a 
tweek also appears in Fig. 4(b). In obtaining the spectrum, Bowe 
used three methods of approximate integration. His tweek has a peak 
power at 6.5 kc.; he also calculated the spectrum of a second tweek 
which has a peak at 7.5 kc. 


IV. PROPAGATION CHARACTERISTICS 


Before the nearby flash power spectrum can be compared with that 
of a distant daytime tweek, the flash spectrum must be transformed 
according to the observed attenuation due to daytime propagation over 
distances of one thousand kilometers or greater. Bowe (16) has 
recently obtained daytime propagation data at four fixed frequencies 
(0.6, 3.5, 5 and 7.5 kc.) with much less uncertainty than that previously 
reported (9, 13). His results and the 16-kc. data of Weekes (41) are 
given in a propagation curve for the ranges 600 cycles per second to 16 
kc. The power spectrum from the linear antenna analysis of the nearby 
flash was transformed using this propagation curve. The result is 
given in Fig. 4(c). To obtain data for the frequency range 16 kc. to 
20 ke., it was necessary to extrapolate Bowe’s sigmoid curve; this is 
indicated by the dashed portion of Fig. 4(c). The result is much the 
same if one considers the radiation arising from the destruction of the 
cloud-image dipole, Fig. 2(a). 

The transformed spectrum has a broad peak at 9.5 ke., dropping 2.2 
db. at 6.3 ke. and at 20 kc. There is reasonable agreement among the 
three curves of Fig. 4, despite the wide variations among individual 
flashes, the limited propagation data, and the approximations in the 
calculation of the spectra. The peak in the calculated power spectrum 
agrees well with the work of others (6), although the new result here is 
the breadth of the peak. No other data concerning the average width 
of the peak have come to the authors’ attention. 

Previously the authors have transformed the linear antenna analysis 
with earlier data of Bowe (13) extrapolated from 10 kc. to 14 kc., 
covering the range from 4 ke. to 14 kc., and with that of Gardner (9) 
covering the range from 4 ke. to 20 kc. Despite uncertainties in their 
propagation data and approximations made in their use, the results 
agree rather well, except for normalization factors, with Fig. 4(c). The 
transformed spectra using the two sets of Bowe’s data are fairly con- 
sistent; the peak of the transformed spectra, using Gardner’s data, 
occurs at approximately 11.5 kc., but it is somewhat narrower (being 
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down 2.5 db. at 9 kc. and 18 kc.) than the peaks obtained from the 
Bowe data. 
V. DISCUSSION 


Although another method for obtaining the expression of Bruce 
and Golde for the change in moment due to the destruction of the cloud- 
image dipole has been found, the dipole model should not be used in- 
discriminately. It is applicable only for field points at a distance large 
compared to the separation of the charge and its image. Since this 
depends on the charge distribution in the channel at the moment the 
return streamer is initiated on which there are few data, the field points 
should be at least forty to one hundred kilometers away to avoid all 
special cases. (Such an estimate is made for field points five times the 
maximum possible charge separation (21).) The return streamer 
current has a rise time, peak, and duration which are determined by the 
percentage of the total neutralized charge carried by the tip of the 
downward streamer. If a large percentage of the total neutralized 
charge is carried in the tip, the dipole model may still be applicable at 
field points only a few kilometers away, but an analysis of the individual 
discharge is needed to settle the question. 

The present evidence for the dipole model includes: (1) Bruce and 
Golde’s calculation (5) using Eq. 3, of the “near’’ magnetic field (in- 
verse square law term) which they conclude agrees with Norinder’s 
measurements; (2) Morrison’s calculations (42), using Eqs. 4 and 6, of 
the total electric field change due to a lightning discharge which agree 
with his own measurements; and (3) Morrison’s (42) calculations of the 
‘“‘near’’ electric field which agree with Norinder’s measurements. How- 
ever, neither Bruce and Golde nor Morrison discusses any possible 
limitations of the applicability of Eq. 4. 

Morrison calculated, using the dipole model, that with the values 
of a and £ used in this paper, the radiation and static fields are equal 
at 5.5 km.; using values for a and 8 more appropriate for his measure- 
ments he found the radiation and static fields equal at 26 km. Both 
values disagree with Appleton and Chapman’s earlier observations (6), 
that the radiation field equals the electrostatic field at about 60 km. 

The analysis for the linear antenna model is based on the average 
data available and consequently is not dependent upon troublesome 
problems of the channel charge distribution. The assumptions made 
are (1) that the distance to the field point be large compared to the 
channel length and (2) that the channel is vertical and continuous. 
The first assumption can be realized; the second is an idealization. 
Due to the motion of the cloud and the discrete stepped leader, the 
channel is most often inclined and jagged. 

Both analyses of the discharge use values for a, 8, and y (Eqs. 1-3) 
which need revision. The value for y permits a maximum height for 
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the return streamer of 2.7 km. This contradicts known data (21). 
Morrison (41) discusses this limitation on y and also the current situa- 
tion for a and 8. His values for these parameters were published after 
the calculations herein were completed. The approximate current 
waveform for the return streamer obscures the fine structure (30) in 
both analyses. Using the dipole model, two other calculations of the 
power spectra of the nearby flash were made with the additional as- 
sumptions® (1) uniform channel charge distribution, and (2) constant 
velocity of the return stroke. The variations in the power spectra 
given in Fig. 2 and the above additional calculations are less significant 
than variations among individual strokes. 

Budden (10, 14) has calculated theoretical attenuation curves for 
the propagation medium assuming a wave guide propagation between 
a lower ionospheric surface and the earth. The ionospheric surface 
(height : 50 km.) is considered finitely conducting, the earth, perfectly 
conducting. Accordingly, with the derived attenuation coefficients, he 
has transformed a lightning flash, assumed to have resulted from the 
instantaneous destruction of a cloud’s electric moment, to obtain the 
propagated waveform at a great distance. The resultant tweek is quite 
similar to experimentally observed waveforms of which Fig. 3 is typical. 
Budden has indicated also the equivalence of the ray (ionospheric 
reflection) and waveguide methods of treatment of the propagation. 
In a more recent paper, Budden (43) applies his analysis to the 16-kc. 
propagation data of Weekes (41) and shows that the propagation for 
distances of 340 km. and 3640 km. can be explained with the use of 
four attenuated modes. 

Thus, the daytime waveform of a distant atmospheric, characterized 
by decreasing instantaneous frequency and amplitude may arise from: 
(1) distortions of the original wave at reflection, because of the fre- 
quency dependence of the Fresnel reflection coefficient at the ionosphere 
(ray theory); or from (2) waveguide propagation of only a very few 
modes (waveguide theory). Similarly the night-time waveform of a 
distant atmospheric, characterized by successive discrete pips, may be 
considered to be: (1) the result of successive relatively distortionless 
reflections from the ionosphere (ray theory); or (2) the resultant of a 
large number of modes (waveguide theory). In contrast, Kessler and 
Goyder have suggested that the characteristic daytime tweek results 
from the mechanism of the discharge phenomena rather than from 
any propagation effects which they were able to observe (12). Prior 
to such considerations, Schonland and others have shown that the 
lightning discharge is not in itself oscillatory (3) (see also Norinder (44)). 
Still another point of view is held by Meinhold (45) who claims that 
atmospheric waveforms at distances of several hundred kilometers can 


5 These results are not included because of their inconsistency with the data on lightning 


discharge. 


= 

2 

4 

-- 


Sept. 1954.1 Norse Powrr FROM THE LIGHTNING DISCHARGE 201 


be explained on the basis of groundwave propagation only. The 
resolution of questions concerning propagation is beyond the scope of 
this paper. The consistency of Bowe’s data, the small published un- 
certainties for his four fixed frequencies, and its general agreement, 
along with Weekes’ data, with Budden’s theory strongly commend the 
Bowe data for very low frequency propagation. 

In spite of the many problems inherent in the separate studies of 
the discharge and the propagation of very low frequencies the results 
are in reasonable agreement with the known results of others (6, 46). 
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Pulse-Type Amplifiers—By mak- 
ing electrical current “beat” like your 
heart, only faster, General Electric 
engineers have found a way to amplify 
signals so feeble that, by use of a 
thermocouple, temperature can be 
regulated with a sensitivity of less than 
a hundredth of one degree. The new 
principle of using pulse current to 
amplify small signals was discovered 
in the company’s General Engineering 
Laboratory. 

Experimental development work has 
shown that a pulse-type magnetic am- 
plifier can control equipment from a 
signal level of 10°** watt over an am- 
bient temperature range of — 70° to 
+ 140° C. This compares with 10° 
watt attainable with conventional mag- 
netic amplifiers. 

G.E. is now developing pulse-type 
amplifiers for use in conjunction 
with conventional magnetic amplifiers 
wherever extreme sensitivity is de- 
sired, 

The pulse principle opens the door 
to improved accuracy of existing con- 
trol devices and development of new 
control devices. 

Present strain gages and other de- 
vices used to measure force, movement, 
light and temperature have been limited 
in sensitivity by the ability of ampli- 
fiers to pick up their weak signals. 

A cancer research organization, for 
example, once asked G.E. to devise a 
means of measuring the blood pressure 
in the tail of a rat. The special device 
constructed to detect the blood pres- 
sure produced so weak a signal that 
then-existing amplifiers would not re- 
spond to it. 

Principal component of the pulse- 
type amplifier is a tiny reactor, barely 
two-thirds the size of a shirt button. 
It consists of two windings of copper 
wire around a circular core made of 
saturable magnetic material. 


Topics F. 1. 


The reactors are used in cascade, 
each one boosting the signal to a 
higher level. Pulse current enters one 
of the copper windings, while the sig- 
nal, converted by conventional means 
to electrical energy, enters the other 
winding. Amplification results from 
the action of the signal on the magnetic 
state of the core. The pulse current 
is then controlled by the core to pro- 
duce an output signal. Direct inter- 
stage coupling is possible and no recti- 
fier or non-linear ohmic devices are 
required between stages. 


Hydraulic-Lift Hand Truck.— 
Precision Equipment Co. (Chicago) 
announces production of the “Shop 
Caddy,” a rugged two-wheel hand 
truck which embodies a hydraulic lift 
capable of raising loads of as much as 
a quarter ton. The Shop Caddy is 
the ideal tool for loading and unload- 
ing trucks, for stacking kegs and boxes, 
for moving dies and for moving heavy 
units in assembly line production. Its 
lifting platform, in the down position, 
is at floor level for easy loading. 
When loaded, a few strokes of the 
lever will raise the load to the proper 
height. A four-speed pump ram is 
furnished as standard equipment so 
that the lifting speed may be set ac- 
cording to the load. 

The Shop Caddy is an amazingly 
useful tool for hundreds of material 
handling jobs. Factories, warehouse 
and distributing firms, institutions and 
retailers, will ‘find continual multiple 
uses for this convenient, safe method 
of lifting and moving heavy loads. 
The handy Shop Caddy has a lift ca- 
pacity of 500 Ib. and a lifting height 
of 36 in. It’s platform is 16 in. long 
and 20 in. wide. The over-all height 
is 50 in. and over-all width is 23 in. 
The roller bearing wheels are of 8-in. 
Moldon Rubber. 


ae 
: 
¢ 


ACCELERATION TO COSMIC RAY ENERGIES BY 
ELECTROMAGNETIC INDUCTIVE ACTION * 


BY 
W. F. G. SWANN ! 


In 1933? I suggested a mechanism according to which charged 
particles could acquire cosmic ray energies by electromagnetic in- 
ductive action in the stars. The mechanism invoked the changing 
magnetic fields known to exist over large areas in the stars, and ex- 
emplified in their most obvious form in the magnetic fields associated 
with sunspots. The mechanism may also be applied to galactic 
magnetic fields. 

While, in my original paper, | used sunspots as an illustration, it was 
never my intention to imply that all cosmic rays came from the sun, 
nor indeed to imply that even the rays from the sun itself necessarily 
originated in the spots. The principal reason for invoking sunspots 
at all lay in the fact that, as has since been emphasized many times, 
there are grave difficulties in understanding how magnetic fields can 
change with time to any significant degree in large masses of highly 
conducting material, and in assuming a figure for the rate of change of 
magnetic field in my calculations, it was important to avoid using a 
value greater than 2 X 10-* gauss per second, which rate of change is 
known to occur in sunspots and so is a permissible value for cosmo- 
logical calculations of this kind. 

Criticisms of the betatron mechanism have been made for the most 
part on two bases. 

THE CRITICISM MADE BY ALFVEN : 


First, we have the criticism of H. Alfvén, who writes :* 


A serious objection against this model is that the conductivity of the 
corona outside a sunspot is so high that the generator is short-circuited. 


* Assisted in part by the Joint Program of the Office of Naval Research and the United 
States Atomic Energy Commission. The contents of this paper, together with many other 
considerations, Were presented by the writer as part of the Cosmic Ray Symposium held at 
Durham, N. C., November 30 to December 2, 1953, under the auspices of the National Science 
Foundation. 

1 Director, Bartol Research Foundation of The Franklin Institute, Swarthmore, Pa.; 
a Senior Advisor for The Franklin Institute Laboratories for Research and Development, 
Philadelphia, Pa. 

2W. F. G. Swann, Phys. Rev., Vol. 43, p. 217 (1933); Jour. FRANKLIN INst., Vol. 215, 
p. 273 (1933). 

*From conversations with Dr. Alfvén, I understand that he no longer maintains the 
objections here cited, so that my only reason in recalling them at this time lies in the fact 
that many other physicists may have become conscious of the objections, so that it is well 
that they should be resolved. 


+H. Atevén, Phys. Rev., Vol. 75, p. 1732 (1949). 
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In other words, the electric field must accelerate all particles in the region 
in question, but the available energy does not suffice to give them cosmic- 
ray energies. It should also be observed that this model is not reconcil- 
able with a solar origin of the whole cosmic radiation, because fields 
much stronger and more extensive than sunspot fields must be assumed 
in order to account for the highest cosmic-ray energies. 


Now as regards the first part of this criticism, it is to be observed 
that the changing magnetic fields are known to exist, and rates of change 
of the order 2 X 10-* gauss per second used in my calculations are 
found in nature. It is true that there may be difficulty in understand- 
ing how this may come about, and an attempt to find the cause raises 
interesting speculations,® but with its existence guaranteed from experi- 
ment, the operation of the acceleration mechanism is guaranteed. 

As regards the last sentence in Alfvén’s criticism implying the 
necessity of invoking very high magnetic fields for the highest cosmic 
ray energies, it must be remarked that it is not large magnetic field 
which is important in the problem under discussion, but large value of 
the product of orbital radius with the value of the magnetic field at the 
time when the energy acquired is considered. In the problem cited, 
a cosmic ray energy of 2 X 10" e.v. was calculated as attained in one 
second for a changing magnetic field which, at the time of realization 
of this energy, had attained a magnitude of only 2 X 10-* gauss. If 
the particle continued to describe the orbit, as indeed would be per- 
mitted by the calculation, it would attain an energy of 2 X 10'* e.v. 
by the time the magnetic field had grown to 2000 gauss. 


CRITICISM HAVING TO DOJWITH THE MECHANISM ITSELF 


E. Teller* has questioned the fact that particles can really acquire 
energy by the mechanism in question. It must be pointed out, how- 
ever, that in my original paper the matter was not left at a stage in 
which the mere existence of electromotive forces was pointed out, leaving 
the questions of possible particle motions to take care of themselves. 
The paper carries a particular problem right through, establishes ‘the 
orbit, and calculates the rate of acquisition of energy. This point seems 
to have been missed by some readers, possibly because I started out 
with a general dynamical treatment in terms of the Hamiltonian 
equations, a treatment capable in principle of handling orbits of any 
degree of generality, and only then, as an illustration, worked out in 
detail the particular case referred to. For this reason, in what follows, 
I give a special treatment of this particular problem, using the most 
elementary principles, so that the exact mechanism by which the orbit 


5 Such speculations, referred to briefly in the Symposium already cited, will be discussed 
in another communication. 


®E. TELLER, Proc. of the Echo Lake Symposium, June 23-29, 1949, pp. 146 and 147. 
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is maintained can be visualized. The results are, of course, in agreement 
with the earlier treatment. 

Following the presentation of the problem, as aforesaid, we shall 
return to Teller’s criticism and endeavor to show the precise reason 
why it is inacceptable. 

ELEMENTARY CONSIDERATIONS OF THE SPECIAL PROBLEM OF A CHARGED PARTICLE 

ACCELERATED BY INDUCTION IN A CHANGING MAGNETIC FIELD 

Let the magnetic field be along the axis of z and increase with time. 
Let it be axially symmetrical about this axis. Let N, be the magnetic 
flux within this radius. 

The field EF, is entirely tangential, and is given by 


(1) 


If vis the velocity of the particle at any instant, and 7 is the kinetic 


energy 
a tec a’ 


provided that the particle moves in the circle of radius 7. In order that 


the particle shall move in the circle of radius 7, it is necessary to have 


(3) 


where m is the relativistic mass. 

Now, since T involves only v and mo, Eq. 2 is really an equation 
for v as a function of time, if NV, is specified. Equation 3 is an additional 
equation which must be satisfied if the particle is to move in the circle 
of radius r. The condition that (2) and (3) shall both be satisfied will 
be found to place a restriction on N, as a function of 7, this restriction 
defining the particular problem we are considering, which is one where 
the increase of H, with time just fits with the increase of 7 with time 
in such a manner as to cause (3) to hold continually and thus keep 
the particle moving in the circle of radius r. The additional well- 
known relation between 7 and mv will be needed. It is 


= T? + (4) 


Our plan is then to satisfy Eqs. 2, 3 and 4. 


1 dN, 

2arky = -—. 

c dt | 

r 

or 
mv Hee 

Cc 
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From (2) and (3) we can eliminate v explicitly and obtain 


dt 


(T + mM 


dT? dT 
qt 


Now (3) and (4) require 


Heer? = T? + 2moe?T, 
that is, 
dil dT? dT 


Hence, from (5) and (7) 
_ eH, dN, 
1 dN, 
mR (8) 
If 77, is the value of 17 for any radial distance p which is less than 7, 
then 


N, = 20 f " 
and (8) demands that 


H 


d 
H,pdp = r* (9) 


We can satisfy this condition if, at each instant of time, H,p is in- 
dependent of p and so is equal to //,r._ In this case (9) becomes 


d d 
2 
di (H1,r?) di (H,r*) 


which is true. 

The condition 1,9 = H,r for all values of t implies, of course, that 
H,/H,( = p/r) is independent of time. In other words, it implies that 
the percentage time rate of change of field is the same at all points.’ 


7 The infinity for H, when p=0 is trivial, since a considerable variation in the form of H, 
near p=0 would have but little effect upon N,. Thus, if H=A/p, the flux through a circle of 


radius a is is 2nApdp/p=2nAa, and tends to zero When a tends to zero. If we have H=A/p 


for p>a, where a has any value whatever, and if we have H independent of p for p<a, and 


dN 
r r 

2x dt 

4 

ell, dN 
r r 
= - 

2x dt 
dt 
(6) 
he 

4 
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The energy 7 attained by the time the field has attained the value 
/1,, starting from zero, is now most easily calculated from (6) which 
may be written 


= Her 


and, to a first approximation, 


T + moc? = Hyer 
or, in electron volts, 


T + mc? = 300 rH,n electron volts, (10) 


where ¢ = ne and ¢ is the electronic charge. 

It will be seen that if 7 is large, it is not very sensitive to the rest 
mass mo, but is approximately proportional to n. 

If r = 3 X 10", and H, = 2 X 10-* gauss, and if moc? = 10° for a 
proton, we have, for such a particle, 


T= 1.8 — 0.1 = 1.7 XK 10” 
For an alpha particle, we should have 
T = 3.6 — 0.4 = 3.2 X 10” ev. 


If the field on the orbit of the particle changes uniformly from zero 
at a constant rate equal to 2 X 10-* gauss per second, which corresponds 
to the rate of change in the vicinity of a sunspot, the above energies 
will be attained in one second. 

The electric field E» is given by (1), which, in view of (8), is equiv- 
alent to 


For the value dH,/dt = 2 X 10-* cited above, 


E,=2xX 300 = 0.6r/c volt/cm. 


For r = 3 X 10" 
Ey = 0.6 volt/cem. = 2 X 10-* e.s.u. 


This value of Ey is equal to //, at the time when the above calculated 
energies are attained at the end of a second. 


such that wa?// =22Aa, which condition can be provided by a cylindrical current sheet, then 
the flux through any circle of radius r( >a), and the value of H, will be the same as if the law 
H=A/p held down to p=0. 


c dt 
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Thus, in the above calculations, the electric field 1s less than the 
magnetic field for the whole period of our calculation. Of course, after 
the lapse of one second in the above case, H, becomes greater than Eg, 
but the energy continues to increase with time. This point is of 
significance in relation to matters to be discussed later in relation to 
Teller’s criticisms. 

The above calculation has been made for the special case where H, 
is inversely proportional to r and, for this law, a particle can be con- 
tinuously accelerated at any radius r. If we have some other law, 
there will,in general be no radius, or at most a finite number of radii 
at which the circular orbit is realized. 

Thus (8) is satisfied if, at all values of 7, 


N, = 29rH,. 
If p applies to a radial distance less than 7, we must therefore have 


Qn f @ (11) 
0 


Suppose 


H,p = we) (12) 


where f(p) is some arbitrary function of p. Then (11) demands that 
f(r) —f(0) = (13) 
In general this provides an equation for r. Thus suppose 
f(p) = Ap* — Bp’. 
Then, using (12), Eq. 13 becomes 
Ar — Br =" (3Ar — 2Br) 


2Ar® — Br? = 0 


which has a finite solution for r at r = B/2A. 
If 


Eq. 13 is satisfied if 


This gives a solution for al] values of r, and represents the case rH, 
= constant already studied. 
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CONCERNING E. TELLER’S CRITICISM 


Teller® refers to the matter of crossed electric and magnetic fields, 
and states as follows: 


The particle is in a magnetic field. But the electric field in which 
it finds itself is due to the change of the magnetic field. Therefore, 
there is a magnetic field, and an electric field produced with the magnetic 
field ; and the one which is the smaller in the ratio of v/c is the electric field. 
A particle in such crossed fields will move in cycloids. These cycloids 
will have precisely the property that they will appear to be just a simple 
circular motion in a certain moving coordinate system. In the same 
system all particles—electrons, protons, etc.—will move on circles. 
Therefore, there are no accelerations of particles, but, by the very mag- 
netic field that causes the electric field, the particles will be taught to 
follow around the sun and effectively will not be accelerated. 


In another place, Teller states as follows: 


I would like to emphasize again the point that changing magnetic fields, 
either due to a change in the magnetic moment or to motion of the particle, 
will have an effect which will cancel in a first approximation, because of 
the kind of transformation used. However, it will then leave residual 
effects for individual particles. This acceleration may be actually an 
acceleration or a deceleration. If this is repeated several times there will 
remain, on the average, an energy-gain per collision which is v?/c? times 
the original energy of the particle, where v is the velocity of the medium 
which carries the magnetic field. 

It is the second of these quotations which is more directly applicable 
to the problem which is the subject of the present paper. 

Now, in the first place, it is to be observed that only when the 
electric field is less than the magnetic field can we transform away the 
former, the velocity of transformation along the x axis being given, 
in fact, by 


so that 
v/c = E,/H,, 


where, in our case, the instantaneous axis of x is taken radially, while 
E, is tangential, dashed letters corresponding to the transformed 
system S’, and undashed letters corresponding to the untransformed 
system S.* In the problem considered in this paper, the electric field 
remains greater than the magnetic field for the whole period{during 
which the proton is being accelerated from zero energy to 1.7 X 10” e.v. 
Thus, in no sense does Teller’s criticism apply to this phase of the 
problem. 


8 When E is greater than H we can, in fact, transform away the magnetic field, leaving 
only an electric field (see W. F. G. Swann, “Cosmic Rays,’’ Jour. FRANKLIN INst., Vol. 251, 
p. 120 (1951). 
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However, in our particular problem, the criticism does not apply 
even when the magnetic field has grown to a value greater than the 
electric field, as the detailed working out of the problem shows, since 
the analysis places no restriction to the effect that E must be greater 
than // for continual increase of energy to become realized in this 
problem. 

The failure of Teller’s criticism in this case, even when // > E, 
follows from the following considerations: It is true that when E < H 
in the case of crossed magnetic fields which are constant throughout 
space, we can perform a relativity transformation to a system S’ in 
which the transformed field is a pure magnetic field and in which a 
charged particle moves in a circle with no change of energy. However, 
in order that this conclusion shall hold even approximately in the 
approximate case where E and H/ are not constant in magnitude and 
direction throughout space, it is necessary that they shall be sensibly 
constant over the region covered by the orbit (a circle in S’ and a cycloid 
in S). In such a case, and in an axially symmetrical problem, the 
particle, as viewed in S, would gain energy when it was moving in one 
direction tangentially to the radius vector from the origin, and it would 
lose energy when moving tangentially in the other direction. When 
moving radially, it would neither gain nor lose energy, and it would 
neither gain nor lose energy in a complete cycle. However, in our 
problem the situation is vastly different. The orbit of the particle in S 
is a circle with radius r, which is the distance from the origin of co- 
ordinates to the particle. It is about a million kilometers in circumfer- 
ence, and as we travel around this circumference, the field E changes 
in direction continuously through a range of 27. As a matter of fact, 
at each instant the particle is in the condition in which it moves per- 
pendicular to the instantaneous x axis drawn for the purpose of the 
relativity transformation, and in this condition its rate of increase of 
energy is of the same sign continually and equal to the product of the 
absolute value of E and the absolute value of the velocity. 

There is another aspect of the foregoing matter which is of interest. 
In my original paper? I showed that whatever the motion in the 
axially symmetrical field, the particle will always gain energy if 
|| > |#H/c|, where 7 is the radial velocity. In the particular problem 
considered when the orbit is circular, * is zero, so that, regardless of the 
value of H, we always have |E| > |r///c|, so that this condition is al- 


ways satisfied. 
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DISCUSSION OF “THE MEANING OF THE VECTOR LAPLACIAN” 


BY 
HAROLD K. FARR! 


ABSTRACT 
A proposal has been made recently that a special notation be adopted for the 
Laplacian of a vector. It is shown that such a notation is unjustified since the usual 
scalar Laplacian gives the correct result when operating on a vector. 


In a recent article Moon and Spencer (1)? develop expressions for the 
Laplacian of a vector in rectangular, cylindrical and spherical coordinate 
systems. It is indeed surprising that these expressions are not listed in 
most standard texts on field theory. In making them easily available, 
these authors have satisfied an important need. 

They point out correctly that some confusion may arise from the 
fact that the expression for a scalar component of the Laplacian of a 
vector does not in general have the same form as the Laplacian of a 
scalar. They propose to avoid the confusion by using two different 
symbols for the Laplacian, depending on whether operation is on a 
scalar or a vector. 

This dual notation is unjustified and would very likely only add to 
the confusion. Such a notation implies that the usual scalar expression 
for the Laplacian is not necessarily correct when operating on a vector. 
This belief seems to be rather widespread (2, 3). Now, vector opera- 
tions are properly defined to be independent of the choice of coordinate 
system and this is in fact true of the Laplacian. The confusion ap- 
parently results from overlooking an important point in the computation 
of the derivative of a vector. It must be remembered that the unit 
vectors d,, Gs, @, used in cylindrical or spherical coordinates are functions 
of position. For example, whereas in rectangular coordinates 


in cylindrical coordinates 
dE, 


30 4+ 


a0 (4,E,) a, 


1 Specialist, Insulation Research, High Voltage Laboratory, General Electric Company, 


Pittsfield, Mass. 
2 The boldface numbers in parentheses refer to the references appended to this section of 


the discussion. 
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If the derivatives of the unit vectors are computed correctly the 
scalar Laplacian may be used to operate on a vector in any coordinate 
system. Thus, if one makes use of V* expressed in cylindrical co- 
ordinates in scalar form as given by Eq. 2 of Moon and Spencer to 
operate on EF expressed in cylindrical coordinates one gets exactly 
Eq. 9b of their paper. Likewise their Eq. 10c may be used to obtain 
their Eq. 9c. It might be remarked that it would be just as logical 
to suggest using different notations for, say 0/06 when operating on 
vectors and scalars as for V*. In either case a scalar component 
resulting from operation on a vector may be different from the result of 
operation on a scalar and for exactly the same reason. There appears, 
therefore, to be no reason for abandoning the well accepted notation 
for the Laplacian. 

Expressions for the derivatives of the unit vectors are given in 
standard texts (4). They are reproduced below as required for com- 
puting the Laplacian of a vector in cylindrical and spherical coordinates 
from the conventional scalar form of the operator in those systems. 

For cylindrical coordinates 


and all other derivatives are zero. 
For spherical coordinates 
_ da, 
oy 
06 Oy 
oy 
It should be pointed out that the last term on page 555 of the 
subject article should be 
cot 6 OE, 
06 


dy sin 6 


d, cos @ 


— sin — cos 6. 


rather than - 
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AUTHORS’ REPLY 


Apparently Mr. Farr agrees with us in all points of fact and differs 
in only one question—and that a matter of opinion. The method 
advocated by Mr. Farr was not “overlooked” in our paper: it was 
ignored because it is rather remote from the modern tensor approach. 
No question of ‘‘correctness” or “‘incorrectness”’ is involved. The rules 
of differentiation of unit vectors are well known; and if rightly applied, 
they lead to the equations given in our paper. 

Note, however, that we have given the equation for the vector 
Laplacian in any orthogonal coordinate system. Derivatives of unit 
vectors are easily obtained in spherical and circular-cylinder coordinates, 
where the geometry is readily visualized ; but even Mr. Farr might find 
the method troublesome in the more esoteric coordinate systems. 

Mr. Farr states that “‘vector operations are properly defined to be 
independent of the choice of coordinate system.’’ Yet books on vector 
analysis often violate this admirable criterion by stating general 
definitions in terms of rectangular coordinates. Instead of using such 
a specialized definition of divergence, we should preferably write 


div E = 


Similarly, 


curl, E 


Now what about the Laplacian? Mr. Farr ignores his criterion by 
apparently defining the operator in rectangular coordinates : 


ay? 


Instead, 


From the tensor viewpoint, this is not an adequate definition. 
we may write for a scalar, 


V?9 = div grad ¢. 


But this definition cannot be extended to a vector by replacing ¢ by E, 
because grad E ts not a tensor quantity. To follow Farr’s excelient 
criterion, we must define the vector Laplacian by an entirely different 
equation (Eq. 4 of our paper). 

Of course, it is still possible to represent the two concepts by the 
same symbol. Indeed, one might also represent curl and divergence 
by V2. Very precise thinking would still allow one to get the correct 


SE-d8 

E-ds 

= lim FE-ds 

AS 
2 2 2 a 

Ox? : 
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answer to an involved bit of vectorial manipulation—but only at the 
expense of unnecessary mental work. 

An ideal notation reduces mental labor to a minimum, so that 
routine manipulation can be relegated essentially to the autonomic 
nervous system, leaving the higher centers free to deal with problems 
which they alone can handle. We believe that the use of separate 
symbols for scalar and vector Laplacians is a step toward the ideal. 


af 


PRESENTATION OF THE FRANK P. BROWN MEDAL * 


This Medal (founded in 1938) is awarded to inventors for dis- 
coveries and inventions involving meritorious improvements 
in the building and allied industries. 


(To Frank Lloyd Wright, Architect, Spring Green, Wisconsin.) 


Mr. Ropu: Ladies and gentlemen, we will now hear from Mr. 
Coleman Sellers, a member of the Science and Arts Committee, who 
will tell us why the Frank P. Brown Medal should be awarded to our 
distinguished guest, Mr. Wright. Mr. Sellers. 

Mr. SELLERS: Mr. President, I present Frank Lloyd Wright for an 
award. Our candidate is without question the dean of American 
Architecture. His influence on the architectural thought of our times 
has been great and far-reaching, both in this country and abroad. His 
career is unmatched, extending over a period of sixty years and still 
going on. Mr. Wright has always insisted on a return to true basic 
architectural principles. In that sense, he is a true traditionalist. He 
has consistently hewed to his own line and refused to be submerged by 
the architectural trends of the times. Our candidate has shown re- 
markable foresight, imagination, and a brilliant romanticism of his own. 
He has always contributed the sensitivity of an artist to the architectural 
problems that he solved. In addition, he has always had a strong idea 
of what the technological advancements of our times have meant to 
architecture and he has used, with great discernment, the many new 
inventions available in the field. 

The work of Mr. Wright is probably most generally known by his 
homes. He has designed buildings, however, of all types, including 
commercial, industrial and civic. All have shown great originality. 
For instance, the Larkin Building in Buffalo built in the nineties, a 
contemporary of the Flatiron Building in New York, had many ad- 
vanced features for that time. In the first place, it contrasted sharply 
with the architecture of that period, which was tending more and more 
to elaboration. This office building was designed in the terms of 
straight lines and flat planes. The heart of the building was the many- 
galleried court, lighted from above and from windows on the sides that 
were sealed from dirt and noise of the nearby railroad yard. The 
furnishings and filing systems were built in of steel. This building had 
many firsts: the first metal furniture made in the United States, the 
first air-conditioned office building, the first use of magnesite as archi- 
tectural material, the first metal-bound plate glass doors and windows, 


* Proceedings of the presentation of the Frank P. Brown Medal, deferred from the 1953 
Medal Day Ceremonies (see this JoURNAL, Vol. 256, p. 523 (1953)), and presented June 4, 


1954, in the Lecture Hall. 
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and so forth. Unity Temple, built in 1905, in Oak Park was a Unitarian 
Church which was quite remarkable. Both outwardly and inwardly 
it went entirely contrary to anything ever constructed. Mr. Wright 
provided a quiet, simple, well-lighted room, which gave the effect of a 
happy cloudless day as he predicted. This building was the first 
concrete monolith in the world. That is, it was the first building de- 
signed for and completed in the wooden forms into which the concrete 
was poured. Walls, roof and floor were all made of this comparatively 
new building material. One of Mr. Wright’s most famous buildings is 
the Imperial Hotel in Tokyo. It was built to withstand earthquakes 
and went through the terrible quake of 1923 unscathed while practically 
all of Tokyo was in ruins. This was no mere chance, for the architect 
studied his problem most thoroughly and decided he would not fight 
the earthquake but make his building so that it could ride out the 
waves of the earth which he found were produced during quakes. 
Test borings showed him there were eight feet of top soil resting on 
sixty to seventy feet of liquid mud. By carefully making concrete test 
piles and loading them with pig iron, he determined how much load 
they would support in various locations. The entire hotel was then 
designed on supporting piles about eight feet long. 

Mr. Wright has been the recipient of many honors and medals. 
Among these are the highest awards of such organizations as the Ameri- 
can Institute of Architects and the Royal Institute of British Architects. 
He has had similar awards from a dozen different countries. I take 
great pleasure in presenting Frank Lloyd Wright, of Taliesin, Wisconsin, 
as a candidate for the Frank P. Brown Medal, “In consideration of his 
very extensive contributions to the entire field of architecture over a 
period of more than half a century, by means of countless and varied 
buildings, by reason of his many writings and lectures, and through his 
Fellowship at Taliesin, Wisconsin.” 

Mr. Rovpu: Mr. Wright, on behalf of The Franklin Institute of the 
State of Pennsylvania, I present to you this Frank P. Brown Medal. 

Mr. WriGcut: (Holding Medal up) So you can all see it. 

Mr. Ropu (cont.): . . . and this certificate goes with the Medal 
and the report which also accompanies the Medal. 

Mr. WriGut: What is this for? 

Mr. Roipu: We are very happy to make this award to you, sir, 
for the reasons which Mr. Sellers has given to us. 

Mr. WriGurt: A very fine medal indeed, Mr. Rolph. 

Mr. Roitpu: Now we hope, Mr. Wright, that this fine unusual 
audience which expresses its admiration for you. . . . 

Mr. WriGut: Extraordinarily intelligent! 

Mr. Ropu: . . . will have the pleasure of hearing more of your 
wit and wisdom, sir. 

Mr. Wricurt: | don’t know about the wisdom and I’m never sure of 


the wit. 
(See following page for full text of Mr. Wright's acceptance speech.) 
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AMERICAN ARCHITECTURE * 


BY 
FRANK LLOYD WRIGHT! 


Ladies and gentlemen: this is a serious occasion. I was blamed 
for recently accepting, with lightness, and, I thought, some grace—a 
similar honor from the American Institute of Arts and Letters. The 
comment upon the reception of the medal at that time was that mine 
was a cranky and cocky acceptance. I am not cranky now and I am 
not cocky. I am seriously gratified to have Science thus recognize one 
in the field of Art, which is, after all, rather low down at this time in 
the history of our world. So I am glad to find myself here, a mere 
artist, in the presence of all that America knows anything about in the 
way of progress (in culture or anything else) and that is to say, Science. 
You know very well, just as I know from a lot of experience during 
sixty years past that Science has given us all a magnificent toolbox 
full of splendid tools that we don’t yet know how to use. Now, it is 
true that if we are ever going to learn how to use them, it isn’t going 
to be science that is going to teach us. At least, we are beginning to 
wake up to that fact and I suppose that here tonight, an artist among 
scientists is something like a lady among lions—or is it a lion among 
ladies; anyway, a terrible thing; I think | should owe what I do owe 
of distinction on this occasion to the fact that Science is here awarding 
the medal to an Artist. So I accept this token of honor in that unique 
spirit because I believe it is—it must be—unique. 

A Civilization, ladies and gentlemen, what is a Civilization? There 
have been so very many but where are they all now? You see—a 
civilization is only a way of life—that’s all it is. And you'll have to 
forgive me for now reminding you of the fact that that’s all we have—a 
way of life. A true Culture would be one where Religion and Art come 
in together, hand in hand—as they must. It is the way of making that 
way of life a beautiful way of life. Have we begun on it? Look about 
you. It isn’t necessary to point out our buildings, they are growing 
more and more negative and desolate and inhuman. What have we 
emphasized as the Beautiful in our way of life? What have we in it 
all that we can point to with pride as an awakening of an indigenous 
culture of our own? Now,—as I am,—wouldn’t you too be put to it 
to answer? You wouldn’t say painting, would you? You see in me 
one of the few gray heads you'll see today that ever had the benefit of 


* Acceptance speech delivered by Mr. Wright, on the occasion of the award of the Frank 
P. Brown Medal to him, June 4, 1954, in the Lecture Hall of The Franklin Institute. 
1 Architect, Spring Green, Wisconsin. 
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Froebel’s wisdom when he was a youngster of six, seven etc. Now it 
was Froebel’s idea that no child should be allowed to draw directly from 
nature until he had mastered the rudimentary forms and elements of 
the various elemental-forms in nature: the square, the triangle, the 
spheres, the circle, all forms that are basic to Nature—primitive. Here 
is the square—symbol of integrity ; the triangle—symbol of aspiration ; 
the sphere or the circle infinity—etc—all forms in one dimension, the 
flat dimension. Then the forms go into the third dimension. Out 
of the circle you get the sphere; out of the square you get the cube; 
out of the triangle comes the tetrahedron, etc. Well, that significance 
is merely a little indication of their importance in creation. We 
haven't time to talk much about this thing; but I’ve touched upon it 
to show how the elemental basis of thought in creative architecture 
goes back to these primary things, primarily. As a result when I 
learned these things thoroughly, I didn’t care to draw from nature, or 
to boondoggle with the surface-effects of anything at all. I wanted 
to combine, construct, to build, to create with these simple elements, 
and I believe that’s where creation must begin in education. I cannot 
believe that you can make an artist creative the same way that you 
make a scientist or a businessman. I do not think that we as a people 
(I won't say as a Culture, but as a way of life) understand the difference 
between the artist and the scientist, or Art and Science. Radically, 
they occupy different worlds at the present time, as always. But, some 
day the synthesis will be made between them; and I believe that 
synthesis is one thing a great institute like this should be busy with 
and might accomplish. Perhaps, beyond any other thing that syn- 
thesis would be the missing synthesis. Standing before you here tonight 
speaking to you in this scientists’ hall from this scientists’ rostrum, that 
is one of the hopeful signs I can be cheered by, this evidence that Science 
is awakening to the fact that although it can take things apart it can 
never put them together again without the creative artist. Now the 
more you think about it the more you'll see that in that missing syn- 
thesis is where our civilization is today. We worship this god Science 
and not with un-reason. But with un-reason we have neglected Art 
and Religion, those two essentials which always have and always will 
constitute the soul of a civilization. Now a scientist does not know 
how to draw the line between the Curious and the Beautiful. That’s 
where your creative artist comes in and that’s where our culture as a 
nation must come in when we really have one. Until we as a nation 
know how to draw that line between what is merely curious and what 
is truly beautiful, we haven't a culture of our own and without that 
discrimination you're not cultured beings yourselves. It matters little 
how much education you've received in the backward and forward of 
our times or how much you may have been conditioned by favorable 
or unfavorable conditions or by the accepted educational conditioning 
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of the mind; you are ignorant of that essence which is the only thing 
which can save a civilization as a culture for the future—if it is un- 
known to you. These are strong words, | suppose. You haven't 
heard them often. Why? You haven’t heard them because all the 
education you know and all the educational systems established in our 
country today are based upon some scientific thesis of this or that and 
expounded by talk by men largely themselves (shall I say) mere 
scientists? We have largely imported the German ways of thought. 
The German idea of living things is essentially scientific, seldom or 
never deeply artistic; never can be creative in artistic sense because the 
German self wasn’t born that way—Goethe and Beethoven excepted. 
Nor the English. But we Americans were born in so many different 
ways. All the ways there are. We are a “mongrel’’ civilization. 
Aren’t we? There is no definite trend of thought which we have in- 
herited outside the British and (God help us all) all we ever got from 
the British was the British dormitory town, we called it Old Colonial. 
No. We didn’t get the beautiful old England. For instance, we 
didn’t get the best of what England got from France—much of it. 
The old-colonial, of course, we did get from England. Where did 
England get it? From France. And where did France get it? From 
Italy. Music still speaks Italian. What is the Italian word chiaras 
curo—painting speaks it. You know that it was Italian. So it goes. 
There was the great Dante, the great liberator of what we call Litera- 
ture. He too was Italian wasn’t he? Well, also from Italy, from the 
Italians came what soul this Art we call Architecture ever has had. 
Now it is the greatest of tragedies 500 years old now at least—that the 
Italians thought art could be restated in the old Greek terms and they 
got what they called the Renaissance and we got this “rebirth’’ from 
them. If you go to Europe with love in your heart now, you'll see 
how all the great thought and feeling of the Middle Ages recorded there 
in stone, brick and mortar, was desecrated, yes, demoralized by that 
academic sense of the old pictures made by Greek Architecture made 
new. That, too, is when the painter first came in to curse architecture ; 
wherefrom we got the idea that a painter could see a building. He 
really cannot. Much less can he do one. But then and there Michael- 
angelo gave us the symbol of authority (the dome in air on posts) that, 
in common with other nations, we have adopted, which is, of course, 
completely bogus from any structural point of view—or standpoint 
with integrity; utterly phony—an arch up in the air on columns, on 
posts, a very fancy picture but nonsensical construction. Yet this 
anachronism became the symbol of authority for the whole world. So 
you can see how little organic thinking and how little deep feeling has 
gone into this matter of building if it is to be a quality in the life in- 
habiting that building. We might call that quality integrity? Now, 
it is that simple integrity that’s lacking in our lives today—integrity 
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and so—no depth of feeling. We have developed insensate voracity by 
way of speed to a point dangeous to the future of our civilization, such 
as it is. Science has aided and abetted the circumstance without 
conscience. By way of Science we have all the means of rapacity, 
speed and destruction. Where is salvation coming from? Well, we 
must again have recourse to those things of the Spirit which have always 
borne the name Art and Religion. The two are as one. They work 
together or we cease to work at all, as a culture. No future. Asa 
Civilization—pretty close to the end. Now who built the first city? 
I myself have just learned from Rabbi Cohen today. How many of 
you know who was originator of what we call the modern city? Ladies 
and gentlemen, please speak up! Do you know? I didn’t know. It 
was Cain, the murderer of his brother. He built the first city. He was 
the author of urbanism. In ‘‘Urbanism”’ isn’t Cain still murdering his 
brother? Who then is going to do something about that? Science? 
No. Science can keep on building these great inimical blocks of non- 
entity, these great negations of the richness and the joy of the humane 
life of the American individual; these great masses of what? They 
are built by the insurance companies of America (bless your money). 
The people’s savings are entrusted to these merciless magnates ‘‘safely”’ 
spent to be paid back in time of need. That’s why I never would take 
out a dollar’s worth of insurance. And do you know (“sotto-voce’’) 
I recommend to you the same thing. If that’s the best insurance 
companies can do with money, then let’s put an end to so-called insur- 
ance and pay for our own impotence or carelessness in our own way— 
every man responsible for his own mistakes and he be the profiteer of 
his own virtues. I’m just paying now for one of mine. Last spring I 
started a dried-grass fire at Taliesin with only one of my boys in sight. 
We hadn’t yet opened the buildings. Suddenly—the wind changed 
and blew the well-meant grass-fire up against the building. We lost 
our theatre. We also lost ten rooms and lost our dining room. There 
was not a dollar of insurance. But we are gradually making it much 
better now. The neighbors came, enjoyed the scene ; they all came and 
sat on the grass and watched it—as they might—with pleasure? It 
wasn’t costing them anything. There was no insurance. 

Pardon this poignant—perhaps pointless—digression. The point I 
came here to make to you tonight concerned Science versus Art. Until 
we—the people—make the needed synthesis between them and these 
two become as one—yes—until the religionist and the artist and the 
scientist can stand up, understanding each other to work together, the 
one unwilling to proceed without the other, then only will we have a 
culture worthy the name. Then only will we be somebody in our own 
right. We will not then be political in the nonsensical sense that we 
are now political. (I’m from Wisconsin.) So I think that the situation 
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in which our America finds itself at the present time, though bad enough 
architecturally, bad enough artistically, is politically a profanity. 

Yes, ladies and gentlemen, this is a serious occasion. Here you 
come upon matter more serious than you may imagine. Here you 
really have come to put your own finger upon the center of our fault 
and upon the very center, too, of our hope. Because we do have hope 
in this nation today, although our hope has been superficially assumed 
and often mistaken, too often run off as some fashion in this or that 
direction or run off as a silly faction in that or another direction—still 
—I say, we do have the center-line of a true Democratic culture in 
what is properly called Organic-architecture. That philosophy is 
something you may now learn to know. You have seen what is now 
called Modern Architecture. That is merely contemporary. It isn’t 
truly modern, that is to say most of it isn’t; very little of it is truly 
modern. Most of it is merely contemporary along the lines of prevalent 
fashion. Most of it—too—is going to disappear and be hateful to- 
morrow, generally speaking—even the better class of residence made 
in that vein, is already hateful as those red groups of prison-buildings 
in New York City, Los Angeles (I guess you've got them in Philadelphia 
too)—or soon will have them if you buy insurance. Hateful as they 
are, and inhumane. Now I believe Architecture to be the humanizing 
of building. The more humane, the more rich and significant, inviting 
and charming your architecture becomes, the more truly is it the great 
basis of a true Culture. Unless it is true architecture in this sense, the 
less it’s architecture at all. May I ask you what those qualities in a 
building are that make that quality of humanity a possibility or prob- 
ability? Certainly it would have nothing in common with what we 
call “‘housing,’’ would it? It certainly would have nothing in common 
with anything we could properly call a Style. The Colonial style, of 
course, is not really a style, but it was colonial. Truth to say, it was 
Italian architecture Frenchified by English adoption and came over in 
the Mayflower to our shores. We got it as inheritance. So far, so 
good. Why not? We had no culture of our own whatsoever. It 
was the best thing we could get, probably, certainly the best thing we 
could do at the time. But why now? As a prosperous nation we have 
been “‘in business’ some 160 years; isn’t it time we got something finer, 
deeper, more characteristic, more truly democratic than the hangovers 
of an old aristocracy? America must build, and democracy must build 
if America builds. Now Democracy has already started building. 
An organic architecture is ours. If you’ll take time to study the center 
line of the philosophy of an organic architecture, you will find you’ve 
got the center-line of the democratic faith and spirit of this nation. 
See how many of you know it already. But you are going to know 
more of it and you’re going to know it soon. Knowledge of its prin- 
ciples must break into the ranks of education—somehow, somewhere. 
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Now this may not be in our great universities. It may be that we'll 
have to take Architecture away from the universities, even take it away 
from the professional-architects and turn it over to boys that really 
know how to build something—the contractors? Then God help 
architecture! Well, ladies and gentlemen of Philadelphia, I am ex- 
tremely gratified—(I was about to say honored but that word is of 
dubious origin. I won't use it.) As an Artist, I am pleased by this 
token of esteem by way of Science. As an architect, I want to raise 
my hand to salute the memory of a great man, Benjamin Franklin. 
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NOTES FROM THE NATIONAL BUREAU OF STANDARDS * 


RAPID-RESPONSE HYGROMETER 


An improved electric hygrometer of high sensitivity and extremely 
rapid response has been designed and constructed by Arnold Wexler, 
Albert Krinsky, and associates of the National Bureau of Standards 
Mechanical Instruments Laboratory. Like some previous hygrometers, 
the device depends on the change in electrical resistance of a salt film 
with the change in the humidity of the surrounding air. Performance 
studies indicate that the improved instrument will be particularly well 
suited to aerological work. This development is the result of work in 
humidity research being carried out as a part of a program in aerological 
instruments sponsored at NBS by the Aerology Branch of the Navy’s 
Bureau of Aeronautics. The improved instrument is now undergoing 
further development. 

Development of the improved hygrometer was undertaken because 
of the pressing need in meteorological science for more accurate humidity 
data on the upper air. The hygrometer now employed in radiosonde 
flights consists of a flat strip of polystyrene having sputtered tin electrodes 
on the two long edges and coated with an electrolytic film of aqueous 
lithium chloride dissolved in a plastic binder. One of the basic limitations 
of this type of hygrometer is its relatively slow speed of response, 
particularly at low temperatures. A radiosonde flight may reach 80,000 
feet, and the greater portion of the ascent will be at low temperatures. 
At the rate of balloon ascent now employed—1000 feet per minute—and 
the even greater rates that are contemplated, slow response in the 
humidity element introduces an uncertainty in the interpretation of the 
data. It is expected that the more rapid response of the Bureau's 
improved hygrometer will make possible increased accuracy and 
reliability in aerological measurements. 

In preliminary experiments at the Bureau it was found that the 
response limitations of the lithium chloride hygrometer are principally 
due to the relatively long time required for the water vapor in the air 
to diffuse into or out of the plastic binder and to thereby change the 
concentration of the lithium chloride solution. An effort was therefore 
made to develop an electric hygrometer which would depend on the 
physical adsorption of water vapor on a film surface rather than the 
slower process of absorption within the film layer. Experiments with 
various types of materials eventually led to a rapid-response hygrometer 
consisting of an extremely thin film of a salt, such as potassium dihydro- 
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gen phosphate, evaporated under vacuum on a specially treated flat strip 
of glass or other insulating material. Water vapor is rapidly adsorbed 
on the surface of the film and reaches its equilibrium concentration 
very quickly. An electronic circuit measures the resistance of the film, 
providing a continuous record of humidity. 

Thus far, experimental studies of the rapid-response instrument 
have been concerned primarily with the size and material of the insulat- 
ing blanks, the treatment of the uncoated blanks, the configuration and 
spacing of the electrodes, the thickness of the deposited salt film, and 
the chemical nature of the salt. Two base materials have been studied : 
glass and polystyrene sheet. To remove any free alkali which might 
possibly contaminate the salt film, the glass has usually been treated 
by washing with detergent and water, rinsing in benzol, and leaching in 
nitric acid at 80°C. for one hour. The polystyrene is treated by 
washing with soap and water and rinsing in benzol. 

Several variations of the basic design have been constructed. One 
type which shows considerable promise uses glass blanks 3 X 11/16 
X 1/32 in. in size. After the surface has been leached and cleaned, silver 
electrodes 1/16 in. wide are sprayed onto the long edges and the glass 
blanks are then fired. The blanks are annealed during the firing 
operation. They are then cleaned once more and are placed in a 
vacuum chamber, where potassium dihydrogen phosphate is deposited 
on one surface by evaporation. The thin film thus formed adheres 
tenaciously to the glass. 

The logarithm of the resistance of the film is essentially a linear 
function of relative humidity. The range of resistance extends over 
six decades, decreasing with increasing relative humidity; at very low 
humidities the resistance is of the order of 10" ohms. The problem 
presented by the generally high resistance of the film was solved by 
the design of an electrometer tube circuit which subjects the hygrometer 
to a maximum current loading of 100 microamperes. The output of 
this circuit, which may either be read on a meter or fed into a recorder, 
varies linearly with the logarithm of the input resistance. The net 
result is that an output approximately linear with relative humidity 


is obtained. 

On this hygrometer, a 63-per cent change in indication, caused by a 
sudden change in relative humidity, takes place in less than 4 second 
at room temperature and in about 10 seconds at —20° C. In comparison 
with the standard hygrometer element in current use, this represents a 


24-fold increase in speed of response at room temperature and a 13-fold 
increase at —20° C. 

Investigation of the performance characteristics of the Bureau’s 
hygrometer is continuing. The effects of such factors as temperature, 
polarization, exposure to high humidity, and aging are being determined. 
Other materials are also being investigated to determine their suitability 


as hygrometer elements. 
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HYDRAULIC-TURBINE DENTAL HANDPIECE 


A hydraulic-turbine dental handpiece which attains a speed of 
61,000 revolutions per minute has been developed at the National Bureau 
of Standards. At this speed, very low cutting pressure is required and 
dental enamel can be cut rapidly with a minimum of vibration and heat- 
ing. By positioning the turbine in the head of the handpiece and con- 
necting it directly to the cutting tool, the mechanical difficulties involved 
in the use of high rotational speeds with the conventional belt-and-gear 
propelled cutting tools have been eliminated. Besides making possible 
more efficient cutting of tooth structures and reducing the time spent by 
the patient in the dental chair, the hydraulic-turbine handpiece! also 
promises to be of considerable utility in other fields where small amounts 
of hard materials must be removed by grinding, as in tool and die 
making. 

The hydraulic handpiece was designed and constructed by Dr. R. J. 
Nelsen, of the American Dental Association Research Fellowship at the 
Bureau, and C. E. Pelande and J. W. Kumpula of the NBS staff. The 
project was part of a program of dental research which NBS is conduct- 
ing in cooperation with the American Dental Association and the 
dental services of the Army, the Air Force, the Navy, and the Veterans’ 
Administration. 

At present the maximum speed of conventional dental cutting 
instruments is about 6500 rpm. Because of the small size of dental 
burs, this rate of rotation gives too low a linear speed for efficient cutting 
of tooth structures. For example, a steel bur can remove the same 
amount of material in four seconds at 12,000 rpm. as it can in approxi- 
mately 30 seconds at 2000 rpm.? However, in spite of the disadvantages 
of using low rotational speeds, dentists have hesitated to use higher 
speeds with the conventional gear-type handpiece because of the 
excessive vibration and heat development and the potential hazard to 
the patient caused by the high inertia of the revolving instrument. 

Several types of dental rotary cutting instruments using air or 
water as the motive power have been constructed in the past, but each 
of these was designed for the straight dental handpiece, and each 
required that a gear-type contra-angle handpiece be attached. The 
instrument developed at NBS is designed to completely eliminate 
gears within the handpiece since the turbine is placed in the head of the 
contra-angle. This makes it possible to overcome many of the dis- 
advantages of high rotary speed in cavity preparation by taking advan- 
tage of the smoothness and other characteristics inherent in hydraulic 
systems. Thus, vibration is minimized; and the high-speed stream of 


1For further technical details, see ‘Hydraulic Turbine Contra-angle Handpiece,” by 
Robert J. Nelsen, Carl E, Pelander, and John W. Kumpula, J. Am. Dental Assoc., Vol. 47, p. 324 
(1953). 
2“Temperatures Developed in Rotating Dental Cutting Instruments,” by Donald C. 
Hudson and William T. Sweeney, J. Am. Dental Assoc., Vol. 48, p. 127 (1954). 
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fluid passing over the turbine and shaft acts as a coolant so that over- 
heating is prevented in spite of the high rotational speed developed. 

A further advantage of the hydraulic handpiece is that even while 
rotating at top speed, the cutting instrument can be stopped imme- 
diately by placing a finger abruptly against its edge. Then, as soon as 
the disk is released, it will start rotating again. This means that if the 
operator should press too heavily on the cutting tool or if the tool 
should happen to catch or bind in some manner that would be hazardous 
with the ordinary handpiece, the hydraulic instrument will automati- 
cally stop rotating. Because of the extremely light pressures used for 
cutting, there is considerably less strain on the operator. Furthermore, 
the cutting tools do not climb or roll out of the cavity as do those used 
in the slower rotating instruments. While some adjustment in the 
dentist’s operating procedure is necessary, the instrumentation is 
basically the same as his present methods, and therefore the dentist 
requires no special training in its use. 

The over-all size and shape of this handpiece are within the general 
proportions of the conventional gear-driven contra-angle handpiece. 
The turbine shaft is designed so that the hollow shaft of the cutting 
instrument fits over it. A spring key attachment on the turbine shaft 
fits into a keyway in the cutting-instrument shaft, and the centrifugal 
force developed by the rotating turbine causes this spring to lock the 
cutting instrument in place. When the shaft is still, the cutting instru- 
ment can be easily attached or removed. 

The turbine has six notched blades fixed to the shaft and measures 
7.5 mm. in diameter and 4.8 mm.in length. Although steel ball bear- 
ings have been used in some models, they are rather harsh and noisy 
in this application. Various combinations of low-friction plastic 
materials in bearings and journals have proved much more satisfactory 
as they are quieter in operation and do not require lubrication. 

The associated hydraulic system consists of a mobile cabinet which 
contains a fluid pumping mechanism, a reservoir tank, a pressure 
switch, a solenoid valve, and distribution lines. The contra-angle 
handpiece is connected to a flexible coaxial double tubing. The #-in. 
inside tube carries the propellent fluid (water under pressure to the 
contra-angle handpiece while the 3-in. outer tube carries the spent 
fluid back to the reservoir. The tubes join with the direct line from the 
pump and the line to the reservoir tank. A constant-volume pump, 
close-coupled to a }-hp. electric motor, is used. To minimize undesir- 
able motor noise, the pumping equipment is enclosed in a sound- 
insulated cabinet. 

The unit is self-contained and needs only to be connected to an 
electrical outlet for operation. The fluid is stored in the reservoir and 
is used over and over; hence the unit requires no adjustment during 


normal use. To stop the turbine momentarily, the operator steps on _ 
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a special tube containing fluid. The force exerted closes a pressure 
switch, thus opening a solenoid valve which allows the propellent to 
bypass the turbine and to return directly to the reservoir. While the 
instrument is being used, the motor and pump operate continuously 
and the handpiece is energized as needed by the operator. The motor 
is controlled by a switch located on the side of the unit. 

Grinding tools such as points and disks of diamond and silicon 
carbide have been found to cut with exceptional efficiency when used 
with the hydraulic handpiece. However, milling cutters like the steel 
and carbide burs of current design do not function well at such extremely 
rapid rates of cutting. It is believed that the design of the cutting 
blades of all burs will have to be modified before they can be used at 
the rotational speeds of this handpiece. 
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NOTES FROM THE BARTOL RESEARCH FOUNDATION 
W. F. G. SWANN, DIRECTOR 


GAMMA RAYS FROM PROTON CAPTURE IN LITHIUM* 
BY 
C. E. MANDEVILLE, M. A. ROTHMAN, W. C. PORTER, AND C. P. SWANN 


The large Van de Graaff generator has been engaged in the study of 
reactions induced in the nuclei of light elements by protons of energies 
in the range 1.5 to5 Mev. The yield of gamma rays from the reaction 
Li’ + p— Be + y-rays has been measured over this range. By 
means of a scintillation counter and pulse height analyzer, it has been 
possible to select for measurement the well-known 14.8 and 17.6 Mev 
y-rays. It is found that the yield of these y-rays shows a broad peak 
at 2.1 Mev, the presence of which has previously been in question. 
Preparations are being made to measure the angular distribution of 
these -rays in the neighborhood of the resonance. 

* Assisted by the Joint Program of the U. S. Office of Naval Research and the U. S 
Atomic Energy Commission. 


ANGULAR DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS * 
BY 
S. C. SNOWDON AND H. S. HANS 


For the purposes of measuring the angular distribution of neutrons 
elastically scattered from various elements, in particular Cu, Zn, Zr, 
and Mo, a preliminary survey of scintillating materials is being under- 
taken with the object of preparing a photomultiplier detector that will 
register only the most energetic neutrons (3.7 Mev, in our case) and 
reject lower energy neutrons and any y-rays that accompany the 
neutron scattering process. 


* Assisted by the U. S. Atomic Energy Commission. 


FORMULATION OF THE QUANTUM MECHANICAL COLLISION PROBLEM * 
BY 
LEONARD EISENBUD 


The usual textbook treatment of collisions in quantum mechanics 
pays for its advantage of formal simplicity by, (1) employing methods 
which are not strictly orthodox—the non-normalizable wave function 
and the probability current, and (2) by employing a description of the 
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collision process which, on first view, at least, is almost unrecognizably 
different from the process as it occurs in the laboratory. Both defects 
of the standard treatment are readily remedied by employing a time 
dependent treatment which makes use of normalized state functions. 
The initial condition of the system is recognized as a “mixture’”’ but 
it is easily seen that this gives rise to no complications. The time 
dependent analysis permits a more detailed picturization of the collision 
process. It also reveals that the phase shift controls not only the cross 
sections but also the time dependent properties of the collision, that is, 
the extent to which the scattered wave is delayed in the course of the 
interaction. 

* Assisted in part by the Joint Program of the U. S. Office of Naval Research and the 
U.S. Atomic Energy Commission. 


POLARIZATION AND ELECTROLYSIS IN THORIUM OXIDE CRYSTALS * 
BY 


W. E. DANFORTH 


As a first stage in the study of critical disintegration phenomena in 
thorium oxide crystals, we are investigating the current-voltage-time 
behavior of the system Pt-ThO,.-Pt. Maintenance of a time-independ- 


ent current between the platinum electrodes is accompanied by an emf 
which rises to many times its original value. On cessation of the 
current, this polarization decays according to a time function which is 
similar to the rising function but not identical. As the current param- 
eter is increased the polarization appears to limit itself at 0.35 volt, a 
phenomenon believed associated with onset of electrolysis. At 1300° 
C., and for voltages below the critical value, hours are required for 
equilibrium to be established. 

Interpretation of polarization experiments with thorium oxide 
crystals requires mathematical analysis of a system which conducts 
both by electrons and by ions. Analysis of the curves of growth and 
decay of polarization should yield information regarding numbers and 
mobilities of ionic carriers. Where space charge is treated exactly, the 
expressions become exceedingly cumbersome; the assumption of 
electrical neutrality greatly simplifies the problem, although the 
validity of this assumption requires proof in each case. With reference 
to our experiments with thorium oxide, it has been shown that the high 
values of polarization require a number of mobile positive ions in excess 
of the number of mobile electrons, charge equality being maintained 
by negative ions fixed in the lattice. The mathematical work is being 
carried on by J. H. Bodine. 


* Assisted by the U. S. Navy Bureau of Ships and by the U. S. Office of Ordnance Research. 
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DEPENDENCE OF SECONDARY ELECTRON EMISSION UPON ANGLE OF 
INCIDENCE OF PRIMARY BEAM * 
BY 


M. A. POMERANTZ, J. F. MARSHALL AND R. A. SHATAS 


Utilizing the sandwich arrangement for determining the yield of 
secondary electrons from the two faces of a thin target bombarded by 
1.3 Mev primaries, measurements have been obtained as a function of 
the angle between the normal to the surface and the‘direction of the 
beam. This is accomplished by rotating the electrode assembly inside 
the continuously-pumped demountable experimental tube. 

Preliminary experiments have revealed that the yield depends upon 
the length of path traversed by the primaries as they pass through the 
target, and the following relationship is consistent with the observations 


thus far: 
54° = sec 8. 


These investigations are being continued. 


* Assisted by the U. S. Office of Ordnance Research. 
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NOTES FROM THE FRANKLIN INSTITUTE MUSEUM 
A. C. CARLTON, DIRECTOR 


“TACONIC”: COMMAND SHIP 


A great many of the visitors to the Marine Section of the Museum 
have never been to sea and have no intention of ever going, but this 
limitation in experience does not diminish their interest in the models 
of ships, new and old. There is a fascination about ships which is 
quite understandable, for a full rigged ship is surely one of man's 
greatest accomplishments. Some of the romance of the sea is missing 
from the clumsy early efforts to secure independence from white canvas 
by utilizing steam to give the ship propulsion. Now, however, romance 
of another kind is attached to certain types of ships. The latest 
addition by the United States Navy to its display in the Marine Section 
epitomizes this newly romantic element. 

This latest contribution is a superb model of the U.S. S. Taconic, 
some nine feet in length. The original ship is designed to be a command 
ship and, as such, is the communication center for a naval force. The 
superstructure of the vessel is an amazing complication of antennae, of 
which there are no less than seventy, offering an overhead pattern as 
intricate as the rigging of a fully rigged ship of the old days. 

While this unusually handsome model (which, by the way, was built 
at the Philadelphia Navy Yard) will doubtless be admired as a specimen 
of the model maker’s art, it should also serve to remind visitors of the 
part played by the Naval Research Laboratory in the development of 
radar, which is a conspicuous part of the Taconic’s equipment. Because 
radar played such an important part in the defense of Great Britain 
during the savage air attacks of World War II it has been gratuitously 
assumed that the British had developed the system and that the United 
States had necessarily borrowed from them. While in no way seeking 
to detract from the work of Sir Robert Watson-Watt and his collab- 
orators whose independent work led to the devising of their efficient 
system, the effort of the Naval Research Laboratory in this field cannot 
be overlooked. 

This actually began in 1922 when Dr. A. Hoyt Taylor and Leo C. 
Young noticed in receiving radio signals transmitted across the Potomac 
River on a 5-meter wave-length, a distortion of the signals when a 
vessel was in the vicinity of the transmitter or receiver. This observa- 
tion led to the pursuit of investigations into wave propagation. In 1930, 
Young and L. A. Hyland observed that an airplane could cause interfer- 
ence with reception and they promptly perceived the possibility of 
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radio detection of planes. By 1932 Taylor had worked out a complete 
system of anti-aircraft defense, using only the equipment available at 
the time. The first pulse radar system was built at the Laboratory in 
1934 and put to the test in December of that year. 

This gave such promising results that further research in the field 
was encouraged, and work was started on a 200 megacycle radar system. 
This was put into operation, with transmitter and receiver working 
through the same antenna, in October 1936. This was the set that was 
put to a practical sea test on the Leary in the following April with 
completely satisfactory results. The success achieved led to the 
further development of the famous XAF high power search radar set 
that was operated on the New York in December, 1938, and is usually 
quoted as the first demonstration of radar in the United States, to the 
exclusion of all the preliminary work. 

The first radar set on shipboard had a large rotating antenna about 
seventeen feet square that was known as the “flying mattress,” and was 
regarded with horror by those officers who set great store upon the trim 
appearance of their ships. It would be interesting to know what those 
officers would think of the Taconic and her class, for the numerous 
antennae give the vessels the appearance of being floating laboratories, 
but they serve to illustrate the great advances that have been made in 
radar and communication systems in general since the Naval Research 
Laboratories put their first radar set on board of the Leary seventeen 


years ago. 
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NOTES FROM THE FRANKLIN INSTITUTE LABORATORIES 
FOR RESEARCH AND DEVELOPMENT 


NICOL H. SMITH, DIRECTOR 


NEW METHOD OF MEASURING ELASTIC AND PLASTIC STRAINS IN A SURFACE 
BY 
R. C. GOOD, JR. 


Many items are produced by extruding soft metals into symmetrical 
shapes. Their meridional planes usually exhibit plane strain during 
deformation. We study processes of that character by taking data from 
those planes (1). Because plane strain exists when the points do not 
move perpendicular to that plane, we can use a billet split down the 
center to create that plane without affecting the process. If a grid 
is lightly inscribed on the inner surfaces of the billet, point displace- 
ments can be measured at the shifted grid intersections. 


Py +m, 


Fic. 1. Plastic displacements of the unit rectangle. 


re) 
D E F a 
A i 6 q 
4 
/ 
c’ 
m,o 
X AXIS q 
a 


238 FRANKLIN [INSTITUTE LABORATORIES NOTES [J. F. 1. 


Usually the strains at an intersection point on the grid are found from 
displacements at the four nearest points (2). The method to be described 
uses data from four corners of a unit rectangle of the grid to find the 
average strain over that area. 

There are at least three advantages : the effective spacing of the grid 
is decreased, the strains at the edge of the specimen can be obtained, and 
the derived strain is that of an area rather than that at a point. The 
grid is assumed small enough for straight lines to remain straight lines, 
and no large strains occur within the rectangle so that the average strain 
of the area is meaningful. 

Figure 1 shows the unit rectangle in the first quadrant with its corners 
having the coordinates 0,0; 0,n; m,n; and m,o. During plastic flow 
these points are shifted to gz, pz, Py +; +m, p,’ +n; and 
gz + m,q,'. The p’s and q’s may be found by measuring the deformed 
grids. The line numbers in circles 1, 2, 3 and 4 are the displaced sides 
of the unit rectangle. And the lines 5 and 6 are representative lines for 
linear strain calculation which sweep through the quadrangle during 
integration. The intersection point x,, y, forms the angle 6 from which 
the shear strain is obtained. If the strain in the x direction, €,, is a 
function of y (as shown below), its average value is defined (3) as 


(1) 


where e,; is the strain of the line 5. 

Write the equations for the four boundary lines in order to find e, 
and ¢,, then the equations for the slopes of lines 5 and 6 to find the 
shear strain €,,. 

For line 2 


+”) (bs — 


2 
n+ py — (2) 


which becomes 
= Yo + (3) 


when > p, — g,. Similar equations may be written for the other 
lines. The slopes of lines 5 and 6 may be derived as 


(4) 
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where 5S is 2 and 5S’ is aod 
dx dy 


Am 
For elastic strains e, = = where Am = x4 — X2 — m. After sub- 


stituting for x2 and x4, from Eq. 1 one finds 


(ps — Pz) + — Gs) (6) 


2m 


and similarly 
ne (py + Py) — (dv + Gs) (7) 
2n 


éy 


For large strains in the plastic region e, = In ——-, where In is 
m 


the natural logarithm. Following this through the algebra one finds 
that 


pe’ 
n - 1 
(ps — — (Pz — Qs) m 


= 


and, if by chance the denominaters are zero, then 


Similar equations may be developed for é,. 
The shear strain at x,, y, is defined as 


Ou ov 


where u and v are the displacements in the x and y directions, respec- 


tively. Following this through the algebra 


(pz qz) (pz qz’) (Vy — + (Py py) (11) 


fey 2n 2m 


By using nine points of the grid shown in Fig. 1 the strain, e,, at 
B may be found by the usual method (2) from displacements at A, E, G 
and C. By using the present method for the five blocks OABC, ADEB, 
BEFG, CBGH and ODFH an average strain, é,, is found for the point 
B. The two strain expressions agree algebraically. Thus an equivalent 
method of strain determination was derived to fulfill extra requirements. 
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Researchers at The Franklin Institute who developed this technique 
used it successfully. 
The author acknowledges the financial support of the U. S. Army 
Ordnance Corps which made this work possible. 
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NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION 
ELLICE McDONALD, DIRECTOR 


PROTEIN-DEPLETION AND AGE 
ity 


M. H. ROSS AND J. O. ELY 


The effect of a protein-free diet on the activity of hepatic enzymes 
was investigated in normal adult rats. The enzyme activity of the 
adult protein-depleted rat was found to be strikingly similar not to that 
of the adult or old adequately fed rat but to that of the young rat. 

Adult, 5 to 6 months old, male Wistar strain rats weighing 160 to 
170 g. were used. They were maintained on the stock diet, Purina 
Laboratory Chow [crude protein (min.) 23%, crude fat (min.) 5%, 
crude fiber (max.) 6%, nitrogen-free extract (min.) 44%] or on a 
protein-free—high-carbohydrate ration [corn oil 5%, dextrose 89%, 
salt mixture 4%, rice bran extract (Vitab) 29%, riboflavin 0.002% ] for 
30 days. The caloric intake of the rats fed the protein-free diet 
was nearly as great as that of those fed the stock diet; the former 
ingested approximately 13 g. (50-55 calories) daily and lost approxi- 
mately 40°% of their body weight during the 30 days they were fed the 
diet, whereas the latter ingested approximately 15 g. (60-65) calories 
daily. 

The methods used were identical to those reported (1). 

A decrease was found in the enzyme activity of 8 individual enzymes 
studied in the liver homogenates of adult protein-depleted rats, and 
an increase in 2; one remained unchanged (Table I). A decrease was 
found in oxygen uptake and in fructolysis of fresh liver slices (Table I). 
The activity level of all of these hepatic enzymes and enzyme systems 
was observed to be like that of the young adequately fed rat (1). It was 
noted that when the enzyme activity of the young rat was high, the 
value for the protein-depleted rat was higher and when the enzyme 
activity was low, that of the protein-depleted rat was lower. If the 
activity did not change with age, it did not change with protein depletion. 

This change of enzyme value to that of the young animal by protein 
depletion can also be seen by comparing the findings of others. Rat 
liver arginase (2), xanthine oxidase (3), succinoxidase (4), and trans- 
aminase (5) were reported to increase during ageing, and to decrease 
(2, 6, 7, 8) during protein depletion. Cytochrome oxidase was reported 
to decrease during ageing (9) and to increase during protein depletion 
(10). 

Similarities were found, too, in the nitrogen content, cell and 
mitochondria count (Table III), and in the changes in organic phos- 
phate, ATP, and glycerophosphate fraction of the liver (11). 
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TABLE I.-—Enzyme Activity of Fresh Liver Homogenates of 
Adult Normal and Protein-Depleted Rats. 


No. of | Adequately Fed _— Protein-Depleted 
Units Rats Rat Rat 


Adenosinetriphosphatase ATPase units 
Without Cat* 25 1.90+0.22 1.32+0.25 
With Catt 25 6.88 +0.29 3.04+0.22 
Pyrophosphatase yP liberated/mg. 
liver/15 min. 31 17.05 +0.68 1.74+0.63 
Acid phosphatase liberated/mg. 
liver/hr. 97 14.57+0.16 14.63 +0.45 
Alkaline phosphatase vP liberated/mg. 
liver/hr. 1.09 +0.09 2.22 +0.25 
Dehydrogenase without vy Formozan produced 
added substrate /mg. liver/10 min. q 0.31+0.02 negligible 
Succinic dehydrogenase vy Formozan produced 
/mg. liver/10 min. F 1.09+0.03 0.31+0.02 
Lactic dehydrogenase y Formozan produced 
/mg. liver/10 min. 0.66 +0.02 0.03 +0.01 
Malic dehydrogenase u1.02./mg. liver/hr. 3 17.10+0.37 7.05 +0.63 


1(—) Histidase Histidase units 
/g. liver F 1.42+0.04 0.40+0.05 


Cathepsin (C.u.)®» 10-4 9.92 +0.38 11.85+0.61 
p-Amino oxidase u1.02/mg. liver/hr. 287.6 +10.7 62.5 +4.24 
Fructokinase mg. fructose 


disappeared/100 mg. 
liver/30 min. ( 0.88 +0.04 0.45 +0.04 


TABLE II.—Enzyme Activity in Fresh Liver Slices of 
Adult Normal and Protein-Depleted Rats. 


No. of Adequately Fed Protein-Depleted 
Units Rats Rat Rat 


Oxygen uptake 
With no added substrate ul. Oo/hr./mg. liver 58 1.20+0.03 0.41+0.03 
With sodium succinate 
0.05 M final 
concentration ul. O2/hr./mg. liver 26 2.97 +0.10 2.79+0.09 
Autoglycolysis ul. CO2/hr./mg. liver 27 0.86 +0.07 0.27 +0.03 
Fructolysis 


Fructose 0.015 M final 
concentration ul. CO2/hr./mg. liver 27 1.16+0.05 0.18+0.06 


TABLE III. 
Adequately Fed Protein-Depleted 
Rat Rat 


Total nitrogen, mg./100 mg. fresh liver 2.91+0.025 2.21+0.004 
Moisture content, % 70.6 +0.16 70.9 +0.43 
Total nuclei per microscopic field 196.4 +3.8 305 +8.6 
Hepatic nuclei per microscopic field 115.6 +2.8 163.0 +8.4 
Mitochondria ( X 10~”)/g. fresh liver 12.0 +0.5 5.3 +0.6 
Mitochondria per nucleus 623 +39 155 +16 
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Because of the drastic unbalanced dietary regime, the expected loss 
in body weight occurred. It was shown by McCay (12) that when 
growth was limited by a carbohydrate or caloric restriction, the life span 
was prolonged. A limitation of growth by a reduction in protein 
intake may also contribute to lengthening of the life span. 


SUMMARY 


The influence of a protein-free diet on the level of activity of a 
number of enzymes was investigated in adult rats. The level of 
activity was found to be similar not to that of the adult or old adequately 
fed rat but to that of the young rat. 
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BOOK REVIEWS 


Wave MotTION AND ViBRATION, Volume V, 
edited by Albert E. Heins. 169 pages, 
diagrams, 18 X 26 cm. New York, Mc- 
Graw-Hill Book Co., Inc., 1954. Price, 
$7.00. 

The Fifth Symposium in Applied Mathe- 
matics of the American Mathematical So- 
ciety was held at the Carnegie Institute of 
Technology in June 1952. All told, fifteen 
papers were given on Wave Motion and 
Vibration Theory in four separate sessions : 
Stability of Fluid Motions, Hydrodynamic 
Waves, Diffraction and Scattering Problems, 
and Vibration Theory. The reviewers felt 
that the readers of this JourNnaL—all po- 
tentially buyers of the present volume—will 
be served best by a brief discussion of some 
of the papers and mention by title of others. 

1. Hydrodynamic Stability, by C. C. Lin, 
brings to the fore the prevalent controversial 
points regarding the stability of a viscous 
fluid subject to infinitesimally small dis- 
turbances. Stability is first studied by con- 


sideration of linearized equations for small 
disturbances from the initial flow and by 
examination of the conditions under which 


the disturbances increase or decrease. If 
this linearization process is adopted, some 
purely mathematical difficulties arise in con- 
nection with the characteristic value. prob- 
lem. A discussion of the linearization theory 
is followed by problems connected with fric- 
tion layers and friction regions. 

2. Examples of the Instability of Fluid 
Motion in the Presence of a Magnetic Field, 
by S. Chandrasekhar. This paper deals with 
hydromagnetic analogs of the thermal in- 
stability of a horizontal layer of fluid and 
of the rotational instability of viscous flow 
between rotating cylinders; the fluid is 
thought of as an electrical conductor within 
a magnetic field. 

3. On Free Surface Flows, by P. R. Gara- 
bedian. 

4. Review of Significant Observations on 
the Mach Reflection of Shock Waves, by 
W. Bleakney. 


5. On a Nonlinear Differential Equation 
in Hydraulics, by N. W. McLachlan, treats 
the solution of #+2k|u|u%+au=d which 
arises in a hydroelectric power system con- 
sisting of a reservoir, a surge tank, and pipe 
lines connecting both with the penstock and 
the turbines. 

6. Acoustic Radiation Pressure on a Cir- 
cular Disk, by H. Levine. 

7. Infinite Matrices Associated with a 
Diffraction Problem (Abstract) by W. 
Magnus. 

8. On the Coupling of Two Half Planes, 
by A. E. Heins (Editor of the Series) and 
H. Feshbach. This paper discusses the 
coupling of two ducts of rectangular cross 
section whose walls are composed of acous- 
tically different materials. The immediate 
problem solved here is the effect of a plane 
wave incident on two semi-infinite half- 
planes joined along a line. The problem is 
solved by the use of integral equations in 
which the admittance parameters are con- 
sidered constant. This approach leads to an 
equation of the Wiener-Hopf type, solvable 
by a complex Fourier transform. 

9. On the Diffusion of Tides into Permea- 
ble Rock, by G. F. Carrier and W. H. Munk. 

10. Some Remarks on Radiation Condi- 
tions, by J. J. Stoker. ’ 

11. On the Theory of Scattering of Plane 
Waves by Soft Obstacles, by E. W. Montroll 
and J. M. Greenberg. We are here con- 
cerned with a mathematical model for the 
scattering medium and compare it with ob- 
served scattering patterns. Situations of this 
kind are found in physical chemistry where 
the arrangement of atoms in molecules is 
studied. The techniques apply equally well 
to the scattering of light from distant stars 
and are used to make inferences about the 
nature of interstellar dust. The paper re- 
ports the progress made on the problem of 
scattering of plane waves by soft particles 
for which the wavelength inside the scat- 
terer does not differ much from that of the 
incident wave in the absence of the scatterer. 


Eprror’s Nore: The price—$3.75—was omitted from the review of Hapeker, ‘“‘Hydraulic Systems and 
Equipment,” Cambridge University Press, appearing in the August JourNaL, p. 168. 
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12. Wave Propagation in Helical Com- 
pression Springs, by E. H. Lee. This is 
the formulation of a theory of spring surges 
both for elastic and inelastic coil-impact con- 
ditions. The mathematical techniques em- 
ployed are similar to those used in the 
propagation of compression waves or of 
force doublets along an elastic spring, result- 
ing in intermittent pulses of compression. 

13. On the Wave Equation and the Equa- 
tion of Euler-Poisson, by A. Weinstein. 
Results are given for a generalization of 
the classical wave equation which includes 
several cases of hyperbolic differential equa- 
tions. 

14. On Liénard’s Differential Equation, 
by S. Lefschetz, discusses the solution of 
#+2dF(x)/dx +x =0 under certain, spe- 
cialized conditions. 

15. The Effect of Small Constraints on 
Natural Vibrations, by R. J. Duffin and A. 
Schild. 

The financial support provided by the 
Carnegie Institute of Technology and the 
efforts of the McGraw-Hill Book Company 
have made these papers available to spe- 
cialists interested in the progress along such 
lines of research. The net result of these 
combined efforts is a compendium on applied 
mathematics which abounds with fine mathe- 
matical tools and techniques. A large num- 
ber of up-to-date references is appended to 
most papers and the printing of text and 
figures measures up to the high standards 
set by the preceding Symposium volumes. 
Without doubt, the book will be valuable to 
other applied mathematicians as well as to 
specialists working in the field of fluid dy- 
namics. 

Cart HAMMER and Ropert P, CoLeEMAN 


Active Networks, by Vincent C. Rideout. 
485 pages, diagrams, 15X23 cm. New 
York, Prentice-Hall, Inc., 1954. Price, 
$8.00. 

The title of Professor Rideout’s new book, 
Active Networks, is perhaps its most origi- 
nal feature. Actually, the substance of the 
book is electronics, with very little special- 
ization evident. The title might well have 
been “Introduction to Electronics” or simply 
“Electronics”; but a variation from this 
overworked word is certainly attractive, even 
if it is nebulous and unrevealing when used 
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as the title of a textbook. All of this is 
said to reveal a slight disappointment felt by 
the reviewer who expected to find a more 
specialized study of networks than was 
found. 

Professor Rideout means by an “active 
network” nearly any electronic arrangement 
such as an amplifier or oscillator. Much of 
his book is devoted to discussions of the 
“elements” of the so-called active networks, 
and naturally these turn out to be all the 
various types of vacuum tubes. This is no 
news at all. In the author’s defense it can 
be stated that there is included an up-to- 
date treatment of basic transistor circuits. 

The author also feels a need for including 
some rather lengthy background material in 
order to show the utility of the electronic 
networks described. This leads to discus- 
sions of such subjects as noise and informa- 
tion theory or to a consideration of radar 
and computing applications. Needless to 
say, these departures greatly broaden the 
scope of the volume and force a brief and 
cursory presentation of all topics. Servo- 
mechanisms are treated in the space of four 
pages. 

More positive comments may be made 
about Professor Rideout’s book if we con- 
sider its intended purpose to be that of pro- 
viding teaching material for a general course 
in electronics. Certainly an instructor would 
find the material gathered here adequate for 
a respectable introductory course in elec- 
tronics. The student, perhaps majoring in 
some other field, would find here the neces- 
sary basic mathematical relations governing 
circuit operation, as well as a full list of 
references and a number of practice prob- 
lems. 

The index, which is so brief as to suggest 
that it was compiled as an afterthought, is 
less important in a text than in a reference 
book, so this may be overlooked. The pub- 
lishers have no doubt had called to their 
attention that Fig. 5-14 is upside-down. 

As taught, this was probably an interest- 
ing course. The selection of only the essen- 
tial material descriptive of the various cir- 
cuits together with a discussion of their uses 
undoubtedly avoided much of the tedium 
present in the more thorough treatises and 
yet gave the students some appreciation for 
electronic circuit work. C. W. HarcEens 
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AERODYNAMICS. SELECTED TOPICS IN THE 
Licut or Historicat 
MENT, by Theodore von Karman. 203 
pages, diagrams, illustrations, 16 X 24 cm. 
Ithaca, Cornell University Press, 1954. 
Price, $4.75. 

This book might well have been titled 
“The Romance of Aerodynamics.” In it, 
Dr. von Karman has told in a most readable 
and fascinating manner the history of mod- 
ern aerodynamics in words simple enough if 
not for the average layman, at least for the 
technically inclined but not aerodynamically 
specialized reader. 

The work of the important contributors to 
the science has been discussed, evaluated and 
woven into the general pattern which is 
aerodynamics as it is understood and used 
today. 

This little book should be on the “must” 
list of all aeronautical engineers and aero- 
dynamicists as light reading when they want 
a refreshing break from their work-a-day 
tasks, and as educational reading for all 
those interested in the art and science of 
aerodynamics. R. S. BARNABY 


Optica ImaceE Evatuation. NBS Circu- 
lar 526. 289 pages, diagrams, illustrations, 
16 X 24 cm. Washington, Government 
Printing Office, 1954. Price, $2.25. 

This book is a collection of papers de- 
livered at the Symposium on the Evaluation 
of Optical Imagery conducted by the Na- 
tional Bureau of Standards in cooperation 
with the Office of Naval Research. 

As is well known, the evaluation of an 
optical system may be approached using 
either geometrical or physical optics. When 
the distribution of energy in the image is 
determined largely by aberrations, the geo- 
metrical approach usually suffices. However, 
when the distribution is dependent upon dif- 
fraction effects, the final evaluation can best 
be obtained through the application of physi- 
cal optics. It is with the latter method that 
this book is mainly concerned. The designs 
of modern microscopes, certain astronomical 
telescopes, aerial cameras and quasi-optical 
radar systems are facilitated through the 
methods of physical optics. 

The papers point out the many difficulties 
encountered in establishing a general accepta- 
ble quantitative measure of image quality. 
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The material covered includes new develop- 
ments in diffraction theory as well as the 
results of recent experiments. There are 
twenty papers representing the research 
being conducted both in the United States 
and abroad. The presentations are well 
written and the accounts of the discussions 
held afterwards enable the reader to gain a 
deeper insight into the problems involved. 

F. Zernike, in a paper on “The Diffrac- 
tion Theory of Aberrations,” points out 
through the use of “circle polynomials” 
many interesting facts concerning the role 
of destructive interference in balancing out 
aberrations in lenses. He goes on to show 
that “. . . the physical properties of light 
waves are very favorable to the lens de- 
signer even if he ignores them altogether.” 

The sections dealing with the testing of a 
lens or system of lenses draws one’s atten- 
tion to the differences in the image evalua- 
tion problem when one uses photomultiplier 
tubes, photographic emulsions or the human 
eye-brain system. 

While this book is by no means a “de- 
signer’s handbook,” it certainly deserves a 
place in the serious designer’s library. Those 
scientists who employ high-resolution optical 
systems will find the reading useful and in- 
formative. J. B. Drew 


CHEMISTRY OF THE Derect STATE, by 
A. L. G. Rees. Methuen’s Monographs on 
Chemical Subjects. 136 pages, 11 X 17 cm. 
New York, John Wiley & Sons, Inc. ; Lon- 
don, Methuen & Co., Ltd.; 1954. Price, 
$2.00. 

This is a compact little book surveying the 
subject of point defects in solids. The in- 
troductory chapter discusses types and classi- 
fication of defects and develops an interest- 
ing symbolic formulation for defect solids. 
This formulation is used throughout the text. 
Then follows a theoretical chapter covering 
statistical mechanics and a description of the 
quantum theory of the defect solid state. 
Chapter 3 discusses experimental methods 
used to give information on defects in solids. 
The next several chapters are devoted to 
chemical effects due to defects and are con- 
cerned with subjects such as oxidation, 
catalysis, adsorption and solution. The last 
chapter is titled “Outstanding Problems” and 
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is devoted to a two-page complaint regard- 
ing the paucity of our theoretical and ex- 
perimental knowledge in the field of the de- 
fect solid state. 

There is a list of 66 references and the 
book is adequately indexed. 

Dr. Rees’ book should be very valuable to 
a person with no background in the field and 
can serve as an excellent review for others. 

LEONARD MULDAWER 


FERROMAGNETIC Domatns, by K. H. Stewart. 
176 pages, diagrams, plates, 14 x 22 cm. 
New York, Cambridge University Press, 
1954. Price, $4.75. 

The concept of domains in ferromagnetism 
was introduced by Weiss in 1907 to account 
for two rather contradictory facts in the be- 
havior of these materials. On the one hand, 
relatively small applied fields produce enor- 
mous changes in magnetization. On the 
other, Curie temperatures for many ferro- 
magnetics lie well above room temperature. 

From the Curie temperature, an estimate 
may be made of the energy of interaction 
between the elementary spins. Expressed in 


terms of an equivalent magnetic field, this 
interaction energy is of the order of 107 


gausses. This “field” is far in excess of the 
few hundred gausses required to saturate 
most “soft” magnetic materials. The mys- 
tery then is why such materials are not 
fully magnetized at all times, and why the 
puny fields developed in the laboratory are 
capable of causing the enormous changes in 
magnetization that are observed. 

Weiss suggested that within small regions 
or domains, ferromagnetic materials are in- 
deed constantly saturated. In any macro- 
scopic piece, however, there are many do- 
mains whose directions of magnetization are 
more or less independent. The observed 
magnetization is the vector sum of the mag- 
netizations of all the domains. For an un- 
magnetized piece, the magnetizations of the 
domains mutually cancel. The process of 
magnetization then consists in changing the 
direction of magnetization in the domains 
without appreciably influencing its magni- 
tude. 

For many years after this suggestion, the 
domain picture was accepted but vague. In 
the 1930's, the concept of magnetization by 
domains was used by Akulov to explain the 
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magnetization curves of single crystals, and 
the groundwork was laid for the phenomeno- 
logical theory of domain structure. Con- 
siderable progress was made during the 
1930’s by Becker, Bloch, Akulov, Landau 
and Lifschitz and others in extending the 
domain theory to cover more and more mag- 
netic phenomena. 

The most dramatic advances in domain 
theory, however, came with the work of the 
experimental physicists, beginning with Bit- 
ter in 1931, who observed the patterns 
formed by a suspension of ferromagnetic 
particles on the polished surface of the 
specimen. This technique, further developed 
by the Bell Telephone Laboratories group, 
including Elmore, Williams, Bozorth, and 
Nesbitt, made it possible to observe the do- 
main patterns directly. Through the early 
1940's, Néel built a detailed theory of do- 
main arrangements which has been fully 
supported by subsequent powder pattern ex- 
periments. 

There no longer exists any doubt as to the 
reality of ferromagnetic domains. The prin- 
ciples governing their structure and behavior 
in the presence of applied fields appear to 
be well established. Calculation of the mag- 
netic properties of bulk material is essen 
tially a problem in calculating domain ar- 
rangements. It seems fitting, therefore, that 
a whole book should now be devoted to a 
discussion of the theory of domains. K. H. 
Stewart has in recent years made significant 
contributions to the explanation of mag- 
netization curves in terms of domain theory. 
He seems an excellent choice as author. 

The arrangement of the material in this 
book is clear and logical. A short intro- 
ductory chapter discusses the major notions 
involved. The various contributions to the 
free energy that determine the domain struc- 
ture (magnetocrystalline anisotropy anid 
magnetostriction) are given a chapter each. 
Then follow five chapters describing differ- 
ent facets of the results of the theory. The 
static arrangements of the domains are dis- 
cussed, and theoretical patterns compared to 
those observed. One chapter is devoted to 
the walls between domains, their nature, 
size and energy. The effects of local stresses 
and inclusions in hindering the motions of 
the walls and so regulating permeabilities 
and coercive forces are given a_ chapter. 
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Two short chapters consider the time effects 
in the change of magnetization, and the dis- 
posal of the energy absorbed on going around 
the hysteresis loop. 

The book is apparently intended as an ex- 
position of the domain theory, on a level of 
medium difficulty. On this level, it is ex- 
cellent. Much attention is given to calcula- 
tions of energies of domain arrangements, 
etc., but for the most complicated portions 
of the mathematics the reader is referred to 
original papers. On the other hand, the 
statements of the theory are constantly com- 
pared to experimental observations, without, 
however, exhaustively reviewing the experi- 
mental literature. It is a good survey, and 
should serve as an introduction to the subject 
for the specialist. 

It is rather too bad that the book is not more 
complete. Bozorth’s tremendous “Ferromag- 
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British JourNAL PHotocraPHic AL- 
MANAC 1954, edited by Arthur J. Dalladay. 
32 plates, 368 pages text plus 252 pages 
advertising, 13 X 19 cm. London, Henry 
Greenwood & Co., Ltd., 1954. Price, $2.00 
(cardboard); $2.50 (cloth). Available 
from The British Book Centre, New York. 


This almanac contains material of inter- 
est to all photographers. The professionals 
and specialists will be benefitted by the six 
papers on particular aspects of photography 
(there is one paper on “Colour and the 
Medical Photographer”); all camera en- 
thusiasts, and most laymen, will enjoy the 
32 photogravure plates which illustrate what 
can be done with a camera. In addition to 
these two sections, photographers wil! find 
news of the latest equipment, formulae for 
use in their work, sections on materials 
needed for various types of photographic 
work, and about forty pages of miscellaneous 
information such as exposure tables, optical 
data, hyperfocal distance, copyrighting, re- 
production fees, passport photographis, stor- 
age of celluloid, etc. Not the least valuable 
of the many features of the almanac are the 
252 pages of advertisements for all types of 
photographic and reproduction equipment. 


Notes 


netism” contains an ample survey of the 
work that has been done in this field, among 
many others. There is no need to repeat 
that, especially since Stewart’s book, al- 
though dated three years after Bozorth’s, 
contains little new material. What is truly 
needed is a really detaileld treatment, in one 
book, of the theory and its experimental ap- 
plication. The reader should be able to 
derive the important equations without ref- 
erence to other work, and_ should find 
sufficient experimental data to judge the 
validity of the theory. Neither of these 
conditions is met in the present book. Stew- 
art has shown a real talent for making clear 
the important physical concepts behind the 
theory. Perhaps someday he will use this 
book as an outline for the larger, more com- 
plete work this should have been. 
A. D. FRANKLIN 
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Mecuanics, by R. L. Daugherty and 

A. C. Ingersoll. Fifth edition, 472 pages, 

diagrams, 16 X 24 cm. New York, Mc- 

Graw-Hill Book Co., Inc., 1954. Price, 

$7.00. 

The title of this work has been changed 
from Hydraulics to Fluid Mechanics in order 
to emphasize that the text is concerned with 
all kinds of fluids, not just water. Also, the 
new title indicates the advance from the 
purely empirical approach to one based on 
rational principles. The text is self-con- 
tained, since it has been lengthened to in- 
clude subjects ordinarily left to outside read- 
ing. Also, the text has been designed— 
through the use of supplementary sections in 
smaller type—to be used in a brief course 
without destroying the continuity of the sub- 
ject. The junior author, whose name ap- 
pears on the text for the first time, is a 
civil engineer. The joint efforts of the two 
authors (the senior author is a mechanical 
engineer) have resulted in a blending of the 
two branches of engineering which should 
prove helpful not only to students, but to 
practicing engineers. 
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THE ScIENcE oF CHEMISTRY, by George W. 
Watt and Lewis F. Hatch. Second edi- 
tion, 546 pages, illustrations, diagrams, 16 
x 24 cm. New York, McGraw-Hill Book 
Co., Inc., 1954. Price, $5.50. 

The second edition of this terminal text 
for nontechnical students brings the material 
up-to-date, including the latest research on 
artificial radioactivity and atomic energy, 
detergents, petroleum, hydrocarbon deriva- 
tives, medicinals and pharmaceuticals, as 
well as agricultural chemistry. The text in- 
cludes organic chemistry, biological chemis- 
try, agricultural and medicinal chemistry. 
Well illustrated and interestingly written, 
the second edition should prove popular for 
giving nontechnical students an appreciation 
of the accomplishments of chemistry, and 
of the social changes wrought through 
chemistry. 


CatcuLus, by George E. F. Sherwood and 
Angus E. Taylor. Third edition, 579 
pages, 16 X 24 cm. New York, Prentice- 
Hall, Inc., 1954. Price, $5.75. 

The third edition of this popular calculus 
text includes new sections on simple har- 


monics, integral form of the remainder in 
Taylor’s formula, and operations with power 


series. This edition also presents an im- 
proved discussion of Cauchy’s principles of 
convergence and monotonic sequences. The 
many exercises have been carefully revised 
and graded, 


Heat TRANSMIssIoN, by William H. Mc- 
Adams. Third edition, 532 pages, dia- 
grams, 16 X 24 cm. New York, McGraw- 
Hill Book Co., Inc., 1954. Price, $8.50. 
Prepared originally for practicing engi- 

neers and students of all phases of engineer- 

ing, this well known text has been revised 
to include new information and to simplify 
some of the old material. One of the most 
important changes is the revision of Chapter 
IV on “Radiant-Heat Transmission,” for it 
includes new charts for evaluating the emis- 
sivity due to sulfur dioxide, carbon monoxide 
and ammonia. Also, the carbon dioxide and 
water vapor charts have been expanded to 
permit estimation of radiation at rocket gas 
temperatures. New chapters cover natural 
convection, compact exchangers (packed and 
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fluidized systems), and high-velocity flow of 
rarified gases. 


SMITHSONIAN Puysicat TABLEs, prepared 
by William Elmer Forsythe. Ninth re- 
vised edition, 827 pages, 1523 cm. 
Washington, The Smithsonian Institution, 
1954. Price, $9.00 (paper); $10.00 
(cloth). 

The ninth edition of this valuable work 
consists of 901 tables giving data of general 
interest to scientists and engineers, par- 
ticularly those concerned with physics. The 
ninth edition is considerably larger than the 
previous edition because of the addition of 
several sections on atomic physics. The 
tables have been prepared by groups of ex- 
perts and compiled from the best available 
sources. All those who used the previous 
editions should replace them with this latest 
edition. 


HypRAULIC RESEARCH IN THE UNITED 
States 1954, edited by Helen K. Middle- 
ton. National Bureau of Standards Pub- 
lication 210. 193 pages, 20X26 cm. 
Washington, Government Printing Office, 
1954. Price, $1.25. 

This publication contains information com- 
piled from reports by the various hydraulic 
and hydrologic laboratories in the United 
States and Canada. Reported projects in- 
clude private, university and government 
supported research. A large number of the 
projects listed in this volume are reported 
for the first time. Projects are reported by 
title and carry a number which is kept 
throughout the project history. Other in- 
formation includes the project sponsor, proj- 
ect correspondent, the nature of the project, 
a brief description, the present status, results 
and _ publications. 


SUBMINIATURIZATION ‘TECHNIQUES FoR Low- 
Frequency Recetvers. National Bureau 
of Standards Circular 545. 64 pages, il- 
lustrations, 20 X 26 cm. Washington, Gov- 
ernment Printing Office, 1954, Price, 


$0.50. 

This publication covers the second phase 
of a continuing program for the development 
of miniaturization techniques applicable to 
airborne military electronic equipment. The 
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work was carried out by the General Minia- 
turization Group, Engineering Electronics 
Section of NBS under support of the Bureau 
of Aeronautics, Department of the Navy. 
Earlier NBS work, reported in Office of 
Technical Services PB 100 949, covered 
miniaturization as applied to high-gain fixed- 
tuned intermediate-frequency strips in the 
very high-frequency band. This combines 
with the present developments to provide 
practical engineering treatment of a wide 
variety of electronic miniaturization problems 
over the radio frequency spectrum between 
100 kilocycles and 100 megacycles. 


ELEMENTS OF Foop ENGINEERING, VOLUME 
II, by Milton E. Parker, in collaboration 
with FE. S. Harvey and the late E. S. 
Stateler. 360 pages, diagrams, illustra- 
tions, 16 X 24 cm. New York, Reinhold 
Publishing Corp., 1954. Price, $8.50. 


Volume II in this three-volume treatise 
on food engineering covers operations in- 
volved in assembling and preparing raw ma- 
terials and the methods of converting the 
raw materials to marketable food products. 
Section I on assembly of raw materials deals 
with harvesting, transporting, receiving and 
materials handling of raw foods, including 
fruits, vegetables, milk, livestock and fish. 
There is also a chapter on separating (evapo- 
rating, drying, grading) various food prod- 
ucts. Section II on the preparation of raw 
materials is concerned with the manifold 
problems of cleaning, separating (sorting, 
peeling, pitting, silking, dressing, filtering, 
rendering, etc.), disintegrating (cutting, 
grinding, homogenizing, spraying, etc.), and 
pumping. The last section of Volume II 
covers conversion of raw materials by mix- 
ing (with gases, liquids and solids), heating 
(by conduction, radiation and convection) 
and refrigerating (of liquids and solids). 
The text is well organized, profusely illus- 
trated and adequately indexed. The work 
involved in compiling such a text—the first 
of its kind—is formidable and the authors 
are to be congratulated. The untimely death 
of Mr. Stateler and the retirement of Dr. 
Harvey have placed the brunt of the work 
of Volume II on Mr. Parker, who has done 
an admirable job. The three volumes should 
be of value to all food technologists, chemists 
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and engineers connected with the vast food 
industry. 


NuMERICAL TABLES oF NUCLEAR PuHysiIcs, 
by Charles Noél Martin. 258 pages, 16 
x25 cm. Paris, Gauthier-Villars, 1954. 
Price: $5.15 (unbound); $6.79 (bound). 
These useful tables, written with both 

French and English texts, are a boon for 

the nuclear physicist who has lengthy cal- 

culations to make. Prepared by M. Martin, 
the tables are extensive, comprising six tables 
based on Weizsacker’s formula and eight 
tables of various nuclear phenomena (espe- 
cially nuclear reactions and alpha radioac- 
tivity). Each of the fourteen tables is pre- 
ceded by explanatory text material, with 
directions for use. The first six tables oc- 
cupy about two-thirds of the book and in- 
clude: two tables on Values of Atomic 

Masses; §-Transition Energies; a-Transi- 

tion Energies; Binding Energies; and Terms 

of Weizsacker’s Formula. The remaining 
tables are: Nuclear Radii; Recoiling Effect 
on Calculations Relating to Thresholds; 

Multiplication Table Relating to Thresholds ; 

Total and Kinetic a-Energies; Arc cos Fac- 

tor in Gamow’s Formula; Height of Cou- 

lomb Barrier ; Geometrical Cross-Sections of 

Nuclei; and Conversion of m.amu into MeV. 

The extent of the utility of these tables may 

be surmised from the following quotation 

from Louis de Broglie’s “Preface” to the 
work: 


So long as Nuclear Physicists have only 
the present semi-empirical formulae at 
their disposal—and the present condi- 
tions have a good chance to last for a 
pretty long lapse of time—M. Martin's 
tables will be most serviceable to all 
those who carry out researches in that 


field. We ought to compliment the 
author warmly on his arduous and most 
useful achievement. 


ELEMENTS OF MATHEMATICS FoR Rapio, 
TELEVISION AND ELeEctronics, by Bern- 
hard Fischer and Herbert Jacobs. 569 
pages, diagrams, 15 X 22 cm. New York, 
The Macmillan Company, 1954. Price, 
$5.40. 

Prepared primarily. as a classroom course 
in basic mathematics for students in radio, 
television and allied electronic fields, this 
book can be used for home study as well. 
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The text is divided into two parts. The first 
fifteen chapters constitute Part I, which is 
a review of the fundamentals of arithmetic 
and applied geometry, containing no algebra. 
The second part—eighteen chapters—includes 
negative numbers, literal equations, ratio and 
proportion, exponents, logarithms and a short 
discussion of sine and square waves. Both 
parts make use of problems related to radio, 
television and electronics, and so no mathe- 
matics is presented which does not apply to 
these subjects. The text is a practical one 
and should prove highly useful. 


Tue Puysics or EXPERIMENTAL METHOD, 
by H. J. J. Braddick. 404 pages, dia- 
grams, 15X22 cm. New York, John 
Wiley & Sons, Inc., 1954. Price, $7.00. 
This text on the physics of experimental 

method will be welcomed since there are so 

few texts available. Three features of the 
new work make it of particular interest to 
the advanced student. First, it places great 
emphasis on the fundamental principles of 
measurement, observation and _ statistical 
analysis of errors. Second, it emphasizes 
the dependence of physical measurement on 
the proper design of instruments (including 
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the properties of the materials used). Third, 
the scope of the book is such that it can be 
mastered by the average advanced student. 
Correct instrument design, precision meas- 
urements and careful experimentation are 
requisites in our modern manufacturing proc- 
esses. This book helps the student to ap- 
preciate the exacting nature of experimenta- 
tion and to become adept in its practice. 


HANpBook oF Hyprau ics, edited by Horace 
Williams King. Fourth edition, revised 
by Ernest F. Brater. 569 pages, tables, 
13 x 20 cm. New York, McGraw-Hill 
Book Co., Inc., 1954. Price, $8.00. 

The fourth revised edition of this stand- 
ard handbook gives up-to-date, basic formu- 
las and tables for the hydraulics engineer. 
Chapter 1 has been broadened to include 
other fluids besides water; new material on 
orifices and sluice gates has been added to 
Chapter 3. The material on flow over sub- 
merged weirs has been rewritten in the light 
of recent research. The users of this hand- 
book will want to have the new edition, 
since the previous one was published in 1939, 
and much work has been done in the hy- 
draulics field since then. 


given by its benefactors in the past. 


the public as it has and should. 


Pennsylvania. 


memorials. 
Department. 


TO MEMBERS AND THOSE WHO KNOW 
THE FRANKLIN INSTITUTE 


All of us associated with The Franklin Institute are gratified by the support 
Without their generosity our privately en- 
dowed Institute would have been unable to serve industry, the professions, and 


There is still a continuing and pressing need of contributions and bequests 
—both for general and specific endowment, and of income to be judiciously used. 
Your response will be most earnestly appreciated. 

Checks should be made payable to ‘The Franklin Institute, and sent to The 
Franklin Institute, Benjamin Franklin Parkway at 20th Street, Philadelphia 3, 


Where property is transferred, title should be in the name of The Franklin 
Institute of the State of Pennsylvania for the Promotion of the Mechanic Arts. 


We shall be glad to supply any additional information regarding gifts and 
Please write to the above address, attention of the Endowment 
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CURRENT TOPICS 


Shock Tube to Test Aircraft 
Models.—A shock tube with a sec- 
tion which bursts like a balloon to re- 
lease a surge of air moving faster than 
sound is now testing aircraft models 
at the Massachusetts Institute of Tech- 
nology. It was built and is being 
operated under the direction of Pro- 
fessors Raymond L. Bisplinghoff and 
H. Guyford Stever. 

The “shock tube”—a kind of very 
fast-operating wind tunnel—is the 
property of the United States Air 
Force which financed its construction ; 
the tube is now being used under a 
contract with the Air Research and 
Development Command, Wright Field, 
Dayton, Ohio. 

This “shock tube” is actually a two- 
sided research tool, its designers ex- 
It can be used to produce a 


plain. 
high-speed shock wave, which blasts 
aircraft models with the fury of an 


atom bomb. And it can also be used 
as a short-duration wind tunnel, to 
show the flow of air around an air- 
plane model at speeds up to 11% times 
that of sound. This includes the 
range of speeds—500 to 900 miles per 
hour, called transonic—in which the 
fastest piloted military aircraft are 
now flying. 

The new equipment is part of Proj- 
ect Locus at M.I.T.—a study in the 
aeronautical engineering department 
of the effects of blasts on flying air- 
craft. How close to a bomb blast can 
a plane fly without structural damage ? 
How must a plane be built to best 
withstand these tremendous forces? 
For the first time engineers can now 
by direct measurements confirm their 
theories of how an explosive shock 
wave lifts a moving aircraft. 
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The M.I.T. shock tube is actually a 
tube more than a foot square and 98 
feet long made of %4-in. steel plate; it 
weighs 13 tons. In the middle is a 
diaphragm section, where a sheet of 
film is inserted to divide the tube into 
two sections. 

After the film is inserted a com- 
pressor builds up air pressure in one 
end of the tube, like a blown-up balloon. 
A pump can be used to reduce the 
pressure in the other end, where the 
test model sits waiting its blast. When 
all is ready a remote-control knife cuts 
the film—just as a knife could be used 
to burst a balloon—to unleash the ex- 
plosion. 

A violet shock wave is formed when 
the compressed air suddenly begins its 
rush through the broken film; in less 
than three hundredths of a second this 
shock speeds down the tube to strike 
its fury against the test model. Then, 
after this violent shock passes, the 
model for 40 thousandths of a second 
is in a steady high-speed air flow—the 
same kind of steady flow which can be 
achieved, for much longer periods, in 
conventional wind tunnels which are 
vastly more expensive to build and 
operate. 

The fury of the shock wave, its 
speed, and the speed of the steady 
flow following the shock wave all de- 
pend on the amount of air pressure 
across the film when it breaks. These 
can be adjusted by properly control- 
ling the shock tube before firing takes 
place. 

With high-speed photography, elec- 
tronically timed, the M.I.T. engineers 
can photograph the model at any in- 
stant during the test. In a series of 
tests such photographs can be made 
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to show all stages of a shock passing 
the model—or of the model in estab- 
lished high-speed air flow. 

This M.I.T. shock tube is no toy to 
play with carelessly. Even at rela- 
tively low speeds the blast it makes 
would shake buildings and break win- 
dows were it not contained in the steel 
tube. Forces of 10 and 20 tons are 
common inside the tube, and the equip- 
ment is protected by elaborate hy- 
draulic valves and safety interlocks. 

A novel feature is a special clean- 
ing cart which propells itself down the 
inside of the shock tube between tests, 
to sweep up, like a street sweeper, the 
debris of broken films exploded for 
each blast. 


Microfilming Machine for Office 
Use.—A low-cost microfilming ma- 
chine for office use which combines 
recording and reading in one compact, 
portable unit has been announced by 
Burroughs Corporation and Bell & 


Howell Company. The new device, 
manufactured by Bell & Howell and 
sold by Burroughs, has been named the 
Micro-Twin. 

It was introduced by John S. Cole- 
man, President of Burroughs, and 
Charles H. Percy, President of Bell 
& Howell, at a press conference in St. 
Louis prior to the opening of the Fifth 
Annual Office Machine and Equipment 
Exposition where the equipment was 
shown for the first time. 

“Microfilming is becoming an in- 
creasingly important element of office 
systems,” Mr. Coleman said. “It pro- 
vides not only safe, convenient and 
space-saving storage of records, but 
is especially valuable as a time and 
money saving device for creating easily 
handled duplicate records to speed the 
processing of business data.” 

In commenting on the new device, 
Mr. Percy said: “Because of its com- 
pactness and low cost, we expect the 
Micro-Twin to create an entirely new 
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and vast market for microfilm equip- 
ment. For the first time, all micro- 
filming functions have been combined 
in a single ‘table-top size’ unit. Con- 
trols have been simplified. An inex- 
perienced person can learn to operate 
the unit with only a few minutes in- 
struction. The “Twin’ is the result of 
over 2 years of intensive market re- 
search and engineering development on 
the part of Burroughs and Bell & 
Howell.” 

Versatility of the Micro-Twin is 
exemplified by the range in size of 
documents it will accommodate. The 
Micro-Twin will record documents 
smaller than bank checks up to single 
sheets 11 inches wide and 3,700 feet 
long, photographing both sides. A 
system of mirrors is used to record the 
face and reverse sides at the same time. 
The machine will photograph docu- 
ments intermixed in size just as fast as 
they can be fed into it. 

At a 37 to 1 ratio, a 100-ft. roll of 
16-mm film will record both sides of 
14,000 checks or one side of 28,000 
checks. A ratio of 24 to 1 also may 
be employed to utilize the full width of 
the film to record a single document. 
The dual purpose lens projects a life- 
sized image of the document on the 
reader. 

The Micro-Twin is so light it may 
be carried easily by two persons. It 
has a rugged, light weight aluminum 
channel frame covered with plywood. 
The working surface is of malomine 
plastic which resists stains and burns. 
It measures 13} in. high, 23 in. deep 
and 32 in. wide. Modern styling 
blends with up-to-date office furnish- 
ings. The reader screen is 8 by 11 in. 

The new Micro-Twin also may be 
used to reproduce facsimiles of any 
filmed document without requiring the 
facilities of a dark room. Sensitized 
paper is exposed under the reader hood 
and can be developed under ordinary 
office light conditions. Within five 
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minutes after a facsimile has been re- 
quested, it can be delivered by the 
Micro-T win operator. 

Placing a 100-ft. roll in the camera 
for recording is as easy as loading a 
box camera. A simple knob control 
sets the lens. As the documents are 
photographed, the film is automatically 
indexed to set up a filing system and 
simplify locating documents on the 
reader. The film indexing meter is 
an exclusive Micro-Twin feature. As 
many as 999 locations may be indexed 
on a 100-ft. roll. 

This 100-ft. roll, which takes up ap- 
proximately the same space as a pack- 
age of cigarettes, will record the aver- 
age contents of a four-drawer filing 
cabinet. 

Visible, automatic and audible safe- 
guards on the control panel are a fea- 
ture of the Micro-Twin. An alarm 


sounds if an operator tries to record 
with improperly loaded film and the 


machine will not operate if the lens is 
not in the recording position. Another 
alarm sounds and the recorder will not 
operate if one of the lamps in the ma- 
chine burns out. An indicator shows 
how much film has been exposed. A 
lock prevents tampering or accidental 
film exposure. 

High speed automatic feeding of 
documents is made possible with an 
“Acro-Feeder” attachment which fea- 
tures an adjustable micrometer control. 
This automatically stops the feeding 
when documents overlap or are thicker 
than the micrometer setting. An im- 
mobilizing switch permits feeding of 
documents of varying thicknesses with- 
out changing the micrometer setting. 

Each document takes its own picture 
as it passes the camera lens. The lead- 
ing edge of the document turns on the 
lights to expose the film and the lights 
turn off as the trailing edge passes the 
photographic area. 
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Resi-Twin Instrument to Control 
Vacuum Distillation—Weiller In- 
struments Corporation (New York) 
has announced a new instrument built 
to control a vacuum distillation proc- 
ess. It is provided with eight sockets 
to take the plug connectors of eight 
resistance thermometer bulbs. Two of 
the bulbs are connected to a sensitive 
differential control. This control will 
maintain a constant temperature dif- 
ference between two points of the still. 
A switch on the upper panel connects 
the indicator bridge either to the con- 
trol or to the switches on the lower 
panel. In the first position, control 
and bridge operate from the same bulb ; 
in the second position, any one of six 
bulbs may be connected to the bridge 
by the switches on the lower panel. 
There are also two range switches on 
the lower panel—one for the control 
and the other for the bridge. The in- 
strument measures and controls to 400 
deg. C. 


New Portable Vibration Meter.— 
A new direct reading portable vibra- 
tion meter—capable of measuring both 
displacement and  acceleration—has 
been announced by the General Elec- 
tric Company’s Meter and Instrument 
Department. 

Designated as type VHA it measures 
over a frequency range of 10-250 cps, 
acceleration ranges of 0-0.03, 0-0.1, 
0-0.3, 0-1, 0-3, 0-10 G, and peak to 
peak displacement ranges of 0-3, 0-10, 
0-30, 0-100 and 0-300 mils full scale, 
according to G-E engineers. 

The new meter consists principally 
of a barium titanate accelerometer, 
which feeds through an electronic am- 
plifier and a copper-oxide rectifier to 
an indicating microammeter. Unlike 
coil-type pick-up instruments, opera- 
tion of this new meter is not affected 
by magnetic fields. Operating on com- 
mon hearing aid batteries, the battery 
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voltage and calibration can be easily 
checked by an adjustment of the selec- 
tor switches on top of the instrument. 

The instrument weighs about 5 lb. 
and its over-all dimensions are 4 x 8 
x 13% in. It is equipped with a pis- 


tol grip, trigger-type switch. 


Private Telegraph Network 
Speeds Company Business.—Ma- 
thieson Chemical Corporation recently 
inaugurated a 5000-mile, high-speed 
private wire telegraph network to 
speed the flow of messages between its 
various offices and plants throughout 
the country. The system is the most 
advanced of its kind in the world, ac- 
cording to Western Union, which in- 
stalled it. 

The network covers an area of 15 
states and interconnects 31 Mathieson 
plants and offices in 23 cities in the 
eastern, mid-western, southern and 
southwestern sections of the country. 
Immediate communication to any point 
on the wire circuit from any other sta- 
tion is possible. The wire system has 
a capacity of 24,000 words hourly, and 
thousands of messages a month will be 
transmitted. 

Messages are prepared by operators 
in the form of perforated tape. The 
tape speeds through an automatic tele- 
graph transmitter at a speed of 65 
words a minute. At the destination 
the message is received automatically 
in page form ready for instant use. 
The new system also transmits orders 
in tabulated form. 

Mathieson offices and plants served 
by the network are located in: Balti- 
more, New York, Brooklyn, Rochester, 
Niagara Falls, Philadelphia, Cleve- 
land, Cincinnati, Chicago, St. Louis, 
Kansas City, Little Rock, New Or- 
leans, Houston, Atlanta, Charlotte, 
Saltville, Va., Morgantown, W. Va., 
Brandenburg, Ky., Huntsville, Ala., 
McIntosh, Ala., Lake Charles, La., 
and Pasadena, Texas. 
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Research on Effects of Heat and 
Moisture on Cotton Fibers and 
Yarns.—Those whose work involves 
practical operations in which heat is 
applied to cotton products in the pres- 
ence of air and moisture will find 
meaning in the following information 
reported by members of the Depart- 
ment of Agriculture’s Southern Utili- 
zation Research Branch. 

The scientists studied the strength 
and elongation of cotton fibers, as well 
as yarns, and correlated the fiber prop- 
erties with the yarn properties—after 
heating fibers and yarns over a range 
of temperatures and conditions of 
moisture similar to those met commer- 
cially or in service; for example, in 
cotton-ginning, laundering, chemical- 
finishing, and in such products as con- 
veyor belts and ironing board covers. 

This is the first study reported over 
this range of conditions that includes 
cotton fibers, as well as yarns, and 
gives information on the fiber-yarn re- 
lationships after their degradation by 
heat and moisture simultaneously. 

According to results (heating was 
from 2 to 128 hr. in an oven at 110°, 
138°, and 162° C. in air representing 
relative humidities from 3% up to 
saturation): Loss in yarn strength is 
closely related to loss in fiber strength. 
Fibers and yarns are affected similarly 
—their strength and elongation are re- 
duced by heat at the higher tempera- 
tures, regardless of the moisture pres- 
ent. Moisture plays a prominent role 
—for the least amount of degradation, 
it should be either very low or high 
enough to exclude air (at saturation 
point). 

A simultaneous reduction of strength 
and elongation of fibers indicated that 
the degradation occurs through creat- 
ing or intensifying weak points along 
the fiber. Studies of the mechanism of 
the reaction through viscosity determi- 
nations confirmed this. 
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Eight charts showing these effects 
are included in an article reporting the 
work (“Degradation of Cotton Fibers 
and Yarns by Heat and Moisture,” in 
May Textile Research Journal, by R. 
S. Orr, L. C. Weiss, G. C. Humphreys, 
T. Mares, and J. N. Grant). A re- 
print may be obtained by writing the 
Southern Regional Research Labora- 
tory, 2100 Robert E. Lee Boulevard, 
New Orleans, La. 


New Eggs.—Currently, the Navy 
is testing two egg products which may 
mean that better eggs will soon be 
used by the fleet. The first is a 
“thermostabilized shell egg” which is 
expected to have 60 per cent longer 
storage life than the oil-dipped eggs 
now used. The second of the egg 


products is dried eggs treated with a 
special enzyme or baker’s yeast remov- 
ing the glucose which breaks down 
over a period of time producing an off- 


flavor. 


Strontium-90 Self Luminous 
Markers.—Evaluation tests at the 
Naval Research Laboratory have 
shown safer, brighter, and longer last- 
ing self-luminous markers may now be 
made for military equipment and per- 
sonnel in a variety of colors. Instead 
of radium, the new markers use stron- 
tium-90 as the radioactive material to 
produce luminescence. The use of 
strontium-90 permits markers to be 
made in a variety of colors throughout 
the visible spectrum, with the possible 
exception of deep red, in contrast with 
the limited yellowish-green of radium. 
The “life” of a radioactive material is 
measured in terms of its half-life, or 
time required for its radioactivity to 
decay to half the original value; the 
half life of strontium-90 is 25 vears, 
making possible markers with many 
years of useful life. There is also less 
radiation hazard from markers using 
strontium-90 than from those in which 
radium is used. 
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New Antihistamine for Acute Al- 
lergies.— Parke, Davis & Company 
(Detroit) has announced a new form 
of Ambodryl Hydrochloride, an anti- 
histamine for treating a wide variety 
of allergies including hay fever, aller- 
gic rhinitis, asthma, urticaria, eczema 
and migraine. It is Steri-Vial Am- 
bodryl Hydrochloride, an aqueous 
solution for parenteral use in acute 
allergic states “calling for immediate 
relief of an extremely distressed pa- 
tient.” Each cubic centimeter of the 
new drug contains 5 mg. Ambodryl 
Hydrochloride (bromodiphenhydra- 
mine hydrochloride), and physicians 
may inject the solution, as supplied in 
Steri-Vials, intravenously intra- 
muscularly. 

Parke-Davis said intravenous injec- 
tion of the antihistamine is preferred 
and results in rapid action when needed 
for relief of an acute allergic state. 
The company also explained that Am- 
bodryl solution is valuable for the pa- 
tient not responding quickly enough to 
oral forms of antihistamines. 

Dosage of the Ambodryl solution de- 
pends on the type of allergic state being 
treated and its severity. Usual adult 
dosage is 1 to 2 cc. (5 to 10 mg.) in- 
travenously. 

“This dosage may be repeated in 
three hours, if needed, although usually 
doses are given once or twice daily,” 
the company pointed out. 

Single doses as high as 10 cc. have 
been given without toxic effects, Parke- 
Davis noted. However, a total daily 
divided dosage not to exceed 10 cc. 
(50 mg.) is recommended. 

Steri-Vial Ambodry! Hydrochloride 
is supplied as individual 10-cc. rubber 
diaphragm-capped vials containing 5 
mg. Ambodryl Hydrochloride per cc. 
in aqueous diluent. 

Parke-Davis also supplies the anti- 
histamine in capsule and elixir forms. 
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AWARDS BY THE INSTITUTE 


The Franklin Medal (1914—Gold Medal).—This medal is awarded annually to those 
workers in physical science or technology, without regard to country, whose efforts, in the 
opinion of the Institute, acting through its Committee on Science and the Arts, have done 
most to advance a knowledge of physical science or its applications 

The Elliott Cresson Medal (1848—Gold Medal).—This medal is awarded for discovery 
or original research, adding to the sum of human knowledge, irrespective of commercial value ; 
leading and practical utilizations of discovery; and invention, methods or products embody- 
ing substantial elements of leadership in their respective classes, or unusual skill or perfection 
in workmanship. 

The Howard N. Potts Medal (1906—Gold Medal).—This medal is awarded for distin- 
guished work in science or the arts; important development of previous basic discoveries ; 
inventions or products of superior excellence or utilizing important principles. 

The John Price Wetherill Medal (1925—Silver Medal).—This medal is awarded for 
discovery or invention in the physical sciences or for new and important combinations of 
principles or methods already known. 

The Edward Longstreth Medal (1890—Silver Medal).—This medal is awarded for 
inventions of high order and for particularly meritorious improvements and developments in 
machines and mechanical processes. In the event of an accumulation of the fund for medals 
beyond the sum of one hundred dollars, it is competent for the Committee on Science and the 
Arts to offer from such surplus a money premium for some special work on any mechanical 
or scientific subject that is considered of sufficient importance. 

The Louis E. Levy Medal (1923—Gold Medal).—This medal is awarded to the author 
of a paper of especial merit, published in the JouRNAL oF THE FRANKLIN INSTITUTE, prefer- 
ence being given to one describing the author’s experimental and theoretical researches in a 
subject of fundamental importance. 

The George R. Henderson Medal (1924—Gold Medal).—This medal is awarded for 
meritorious inventions or discoveries in the field of Railway Engineering. 

The Walton Clark Medal (1926—Gold Medal).—This medal is awarded to the “author 
of the most notable advance in knowledge or improvement in apparatus, or in method ccon- 
cerning the science or the art of gas manufacture or distribution or utilization in the produc- 
tion of illumination, or of heat, or of power.” 

The Frank P. Brown Medal (1938—Silver Medal).—This medal is awarded to in- 
ventors for discoveries and inventions involving meritorious improvements in the building and 
allied industries. 

The Newcomen Medal (1943—Gold Medal).—This medal is awarded, not oftener than 
once in three years, for achievement in the field of Steam. 

The Francis J. Clamer Medal (1943—Silver Medal).—This medal is awarded at least 
once in five years for meritorious achievement in the field of Metallurgy. 

The Stuart Ballantine Medal (1946—Gold Medal).—This medal is to be awarded in 
recognition of outstanding achievement in the fields of Communication and Reconnaissance 
which employ electromagnetic radiation. 

The Boyden Premium (1859).—This premium is awarded not oftener than once in five 
years to any resident of North America who has recently made a notable experimental deter- 
mination of the speed, in free space, of radiation in any region of the entire spectrum. 


The William M. Vermilye Medal (1937—Bronze Medal).—This medal is awarded not 
oftener than biennially in recognition of outstanding contribution in the field of Industrial 


Management. 


The Certificate of Merit (1882).—A Certificate of Merit is awarded to persons ad- 
judged worthy thereof for meritorious inventions, discoveries or improvements in physical 


processes or devices. 
For further information relating to these awards apply to The Executive Vice-President 
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